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COMPOSITIONS AND METHODS FOR GENERATING AN IMMUNE RESPONSE 

UTILIZING ALPHAVIRUS-BASED VECTOR SYSTEMS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Application Nos. 60/191,363, filed 
5 March 22, 2000, which application is incorporated by reference in its entirety. 

Background of the Invention 

The present invention relates generally to gene-based vaccines and therapeutics; and 
more specifically, to compositions and methods that increase the efficiency of 
alphavirus-based vector systems used for such vaccines and therapeutics. 

10 Alphaviruses comprise a group of genetically, structurally, and serologically related 
arthropod-borne viruses of the Togaviridae family. These viruses are distributed 
worldwide, and persist in nature through a mosquito to vertebrate cycle. Birds, 
rodents, horses, primates, and humans are among the identified alphavirus vertebrate 
reservoir/hosts. 

« 

15 Twenty-six known viruses and virus subtypes have been classified within the 
alphavirus genus utilizing the hemagglutination inhibition (HI) assay. This assay 
segregates the 26 alphaviruses into three major complexes: the Venezuelan equine 
encephalitis (VEE) complex, the Semliki Forest (SF) complex, and the western equine 
encephalitis (WEE) complex. In addition, four other viruses, eastern equine 

20 encephalitis (EEE), Barmah Forest, Middelburg, and Ndumu, receive individual 
classification based on the HI serological assay. 

Members of the alphavirus genus also are further classified into one of two groups, 
according to the clinical symptoms they exhibit as a result of infection in humans. The 
first group is alphaviruses associated primarily with encephalitis, and the second 
25 group is alphaviruses associated primarily with fever, rash, and polyarthritis. Included 
in the first group are the VEE and WEE complexes, and EEE. In general, infection 
with this group can result in permanent sequelae, including death. In the second 
group is the SF complex, comprised of the individual alphaviruses Semliki Forest, 
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Sindbis, Ross River, Chikungunya, O'nyong-nyong, and Mayaro. Although serious 
epidemics have been reported, infection by viruses of this group is generally 
self-limiting, without permanent sequelae. 

Sindbis virus is the prototype member of the Alphavirus genus of the Togaviridae 
5 family. Its replication strategy is well characterized and serves as a model for other 
alphaviruses (Strauss and Strauss, Microbio. Rev. 58:491-562, 1994). The genome of 
Sindbis virus (like other alphaviruses) is an approximately 12 kb single-stranded, 
positive-sense RNA molecule that is capped and polyadenylated. Genome RNA is 
contained within a virus-encoded capsid protein shell which is, in turn, surrounded by 
1 o a host-derived lipid envelope from which two viral-specific glycoproteins, E1 and E2, 
protrude as spikes from the virion surface. Certain alphaviruses (e.g., SF) also 
maintain an additional protein, E3, which is a cleavage product from the E2 precursor 
protein, PE2. 

After virus particle absorption to target cells, penetration, and uncoating of the 
1 5 nucleocapsid to release viral genomic RNA into the cytoplasm, the replication process 
is initiated by translation of four nonstructural replicase proteins (nsP1-nsP4) from the 
5' two-thirds of the viral genome. The four nsPs are translated as one of two 
polyproteins (nsP123 or nsP1234), and processed post-translationally into mature 
monomeric proteins by an active protease in the C-termina! domain of nsP2. Both of 
20 the nonstructural polyproteins and their derived monomeric units may participate in the 
RNA replication process, which involves nsP binding to the conserved nucleotide 
. sequence elements (CSEs) present at the 5' and 3' ends, and an internal subgenomic 
junction region promoter. 

The positive strand genome RNA serves as template for the nsP-catalyzed synthesis 
25 of a full-length complementary negative strand RNA. Synthesis of the negative strand 
RNA is catalyzed by binding of a nsP complex to the 3' terminal CSE of the positive 
strand genome RNA. The negative strand, in turn, serves as template for the 
synthesis of additional positive strand genome RNA, as well as an abundant 
subgenomic RNA, initiated internally at the junction region promoter. Synthesis of 
30 additional positive strand genome RNA occurs after binding of a nsP complex to the 3' 
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terminal CSE of the complementary negative strand genome-length RNA template. 
Synthesis of the subgenomic mRNA from the negative-strand RNA template is 
initiated from the junction region promoter. Thus, the 5' end and junction region CSEs 
of the positive strand genome RNA are functional only after being transcribed into the 
5 negative strand RNA complement {i.e., the 5' end CSE is functional when it is the 3' 
end of the genomic negative stranded complement). 

Alphavirus structural proteins (sPs) are translated from the subgenomic RNA, which 
represents the 3' one-third of the genome, and like the nsPs, are processed post- 
translationally into the individual proteins (see Figure 1). Translation of this 

10 subgenomic mRNA produces a single polyprotein consisting of the structural proteins 
capsid (C) glycoprotein E2 and glycoprotein E1, plus the corresponding leader/signal 
sequences (E3, 6k) for glycoprotein insertion into the endoplasmic reticulum. The 
structural gene polyprotein is processed into the mature protein species by a 
combination of viral (capsid autoprotease) and cellular proteases (e.g., signal 

15 peptidase). Alphavirus structural proteins are produced at very high levels due to the 
abundance of subgenomic mRNA transcribed, as well as the presence of a 
translational enhancer element (Frolov and Schlesinger, J. Virol. 68:8111-8117, 1994; 
Sjoberg et al., BiofTechnol. 72:1127-1131, 1994) within the mRNA, located in the 
capsid gene coding sequence. Because all structural proteins are synthesized at 

20 equimolar ratios, as part of the polyprotein, the translation enhancer element exerts its 
effect equally on each of the genes. 

Several members of the Alphavirus genus are being developed as expression vectors, 
including, for example, Sindbis virus (Xiong et al., Science 243:1188-1191, 1989; 
Hahn et al., Proc. NatL Acad. Sci. USA 89:2679-2683, 1992; Dubensky et al., J. Virol. 

25 70:508-519, 1996), Semliki Forest virus (Liljestrom, Bio/Technology 9:1356-1361, 
1991), and Venezuelan equine encephalitis virus (Pushko et al., Virology 239:389- 
401, 1997). The general strategy for construction of alphavirus-based expression 
vectors has been to substitute the viral structural protein genes with a heterologous 
gene, maintaining transcriptional control via the highly active subgenomic RNA 

30 promoter. RNA vectors having this configuration are self-amplifying, and thus are 
termed RNA "replicons". The replicons may be synthesized in vitro from cDNA using 
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a bacteriophage promoter (Xiong et al., ibid; Liljestrom et al., ibid; Pushko et al., ibid), 
or generated in vivo directly from DNA when linked to a eukaryotic promoter 
(Dubensky et al., ibid; US Patents 5,814,482 and 6015686; WO 97/38087). Because 
the vector replicons do not express the alphavirus structural proteins necessary for 

5 packaging into recombinant alphavirus particles, these proteins must be provided in 
trans. One alphavirus, Venezuelan equine encephalitis virus, and its derived 
recombinant vector particles have been shown to be lymphotropic and infect murine 
dendritic cells (Caley et al., J. Virol. 77:3031-3038, 1997; MacDonald et al., J Virol. 
74:914-22, 2000). However, no alphavirus or alphavirus variant was demonstrated to 

1 0 infect human dendritic cells, macrophages or antigen presenting cells. 

The present invention discloses novel compositions and methods for generating an 
enhanced immune response utilizing alphavirus-based vector systems, and further, 
provides other related advantages. 

Brief Summary Of The Invention 

15 Briefly stated, the present invention provides compositions and methods for 
generating an enhanced immune response utilizing alphavirus-based vector systems. 
Within one aspect of the present invention, isolated alphaviruses and recombinant 
alphavirus particles are provided which infect human dendritic cells, (with the proviso 
that the alphavirus is not ATCC # VR-2526 or said alphavirus particle is not generated 
20 in total from ATCC # VR-2526). Within another aspect, isolated alphaviruses and 
recombinant alphavirus particles are provided which infect non-human dendritic cells 
(with the proviso that the alphavirus is not a Venezuelan equine encephalitis virus or 
ATCC # VR-2526, or, that the recombinant alphavirus particle is not derived in total 
from Venezuelan equine encephalitis virus or ATCC # VR-2526). Within yet another 
25 aspect, isolated alphaviruses and recombinant alphavirus particles are provided which 
infect human macrophages. Within related aspects, isolated alphaviruses and 
recombinant alphavirus particles are provided which infect human antigen presenting 
cells, (with the proviso that the alphavirus is not ATCC # VR-2526 or said alphavirus 
particle is not generated in total from ATCC # VR-2526). 
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Within certain embodiments of the above, the alphavirus or recombinant aiphavirus 
particle has an amino acid substitution in the E2 glycoprotein as compared to wild- 
type, for example, at residue 158, 159, 160, 161, or, 162. Within preferred 
embodiments, the amino acid substitution is at E2 residue 160. Within other 
5 embodiments, the alphavirus has an amino acid deletion or insertion in the E2 
glycoprotein. Within further embodiments, the alphavirus is a Semliki Forest virus, a 
Ross River virus, a Venezuelan equine encephalitis virus, a Sindbis virus, or ATCC 
No. VR-2643. Also provided are nucleic acid molecules which encode the above 
described alphaviruses (such as, for example, as provided in Figures 2B and 2C). 

10 Within other aspects of the present invention alphavirus structural protein expression 
cassettes are provided, comprising a promoter operably linked to a nucleic acid 
sequence encoding one or more alphavirus structural proteins from an alphavirus as 
described above. Within a related aspect, alphavirus structural protein expression 
cassettes are also provided comprising a promoter operably linked to a nucleic acid 

15 sequence encoding alphavirus structural proteins, wherein said nucleic acid sequence 
comprises a sequence encoding glycoprotein E2, and wherein said sequence 
encodes a mutation (e.g., a substitution, deletion, or insertion, as compared to wild- 
type) in the E2 glycoprotein. Within various embodiments, the mutation is a 
substitution at E2 residue 158, 159, 160, 161, or 162. Within preferred embodiments, 

20 the mutation confers to an alphavirus or recombinant alphavirus particle packaged 
with said E2 glycoprotein the ability to infect human dendritic cells. Within related 
aspects alphavirus packaging cell lines are provided comprising a host cell and an 
alphavirus structural protein expression cassette as described above, as well as an 
alphavirus producer cell line comprising such packaging cells and a vector selected 

25 from the group consisting of an alphavirus RNA vector replicon, alphavirus vector 
construct, and a eukaryotic layered vector initiation system. Further, recombinant 
alphavirus particles also are provided which can be produced from the above 
packaging or producer cell lines. 

Within yet other aspects of the present invention, methods are provided for introducing 
30 a selected sequence into a cell, comprising the step of infecting with a recombinant 
alphavirus particle or otherwise introducing into a cell an alphavirus replicon as 
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described above, such that the selected sequence is introduced into the cell. A wide 
variety of selected sequences may be introduced into a cell or cells, including for 
example, heterologous sequences such as those encoding proteins (e.g., peptides, 
antigens, antibodies, cytokines, lymphokines), and non-protein encoding sequences 

5 such as ribozymes. In addition, the recombinant alphavirus particles may be designed 
to express one or more sequences (e.g., an immune enhancer, cytokine, chemokine, 
for example, IL-2, IL-10, IL-12, gamma interferon, GM-CSF, MIP3D, MIP3D, 
molecules with related function). Further, the recombinant alphavirus particles may be 
administered utilizing ex vivo or in vivo techniques. Further, within certain 

10 embodiments the recombinant alphavirus particles may be utilized with a wide variety 
of cells, cell populations, or tissues, including for example, a population of cells 
containing dendritic cells. Within yet further embodiments, the recombinant alphavirus 
particles may be introduced as a composition, e.g., with enhancers such as cytokines 
orchemokines (e.g., IL-2, IL-10, IL-12, gamma interferon, GM-CSF), other vectors, or 

1 5 adjuvants. 

Within yet further aspects of the invention, alphavirus vector constructs are provided 
comprising (a) a 5' promoter which initiates synthesis of viral RNA in vitro from cDNA, 
(b) a 5' sequence which initiates transcription of alphavirus RNA, (c) a nucleic acid 
molecule which operably encodes all four alphaviral nonstructural proteins, (d) an 
20 alphavirus RNA polymerase recognition sequence; and (e) a 3*polyadenylate tract, 
wherein the nucleic acid sequence which operably encodes all four alphaviral 
nonstructural proteins contains a mutation in at least one nonstructural protein 
selected from the group consisting of a mutation in nsP1 residues 346, 441, 473, nsP2 
residues 438, 622, 634, 715, nsP3 residues, 417, 456, 505, and nsP4 residue 266. 

25 Within yet another aspects of the present invention, eukaryotic layered vector initiation 
systems are provided, comprising a 5' promoter capable of initiating in vivo the 5' 
synthesis of alphavirus RNA from cDNA, a sequence which initiates transcription of 
alphavirus RNA following the 5' promoter, a nucleic acid molecule which operably 
encodes all four alphaviral nonstructural proteins, an alphavirus RNA polymerase 

30 recognition sequence, and a 3' polyadenylate tract, wherein the nucleic acid sequence 
which operably encodes all four alphaviral nonstructural proteins contains a mutation 
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in at least one nonstructural protein selected from the group consisting of a mutation in 
nsP1 residues 346, 441, 473, nsP2 residues 438, 622, 634, 715, nsP3 residues, 417, 
456, 505, and nsP4 residue 266, as compared to wild-type. 

Within further embodiments alphavirus RNA vector replicons capable of translation in 
5 a eukaryotic system are provided, comprising a 5' sequence which initiates 
transcription of alphavirus RNA, a nucleic acid molecule which operably encodes all 
four alphaviral nonstructural proteins, an alphavirus RNA polymerase recognition 
sequence and a 3' polyadenylate tract, wherein the nucleic acid sequence which 
operably encodes all four alphaviral nonstructural proteins contains a mutation in at 
10 least one nonstructural protein selected from the group consisting of a mutation in 
nsP1 residues 346, 441, 473, nsP2 residues 438, 622, 634, 715, nsP3 residues, 417, 
456, 505, and nsP4 residue 266, as compared to wild-type. 

Within another aspect of the invention, methods are provided for generating an 
immune response in a warm-blood animal, comprising the step of administering to a 
15 warm-blooded animal any of the recombinant alphavirus particles described above 
that further comprise a heterologous sequence encoding an antigen from a virus, 
bacteria, fungus, parasite or cancerous cell, or a heterologous sequence encoding a 
cytokine, lymphokine, or chemokine. 

Within a further aspect of the invention, methods are providing for generating an 
20 immune response within a warm-blooded animal, comprising the step of administering 
to a warm blooded animal one or more selected antigens by a first method (e.g., 
alphavirus vector particles, eukaryotic layered vector initiation system, DNA, protein, 
non-alphavirus viral vector), followed by administering to the same animal the same or 
similar antigen (e.g., modified form thereof or related antigen) by a second method 
25 {e.g., alphavirus vector particles, eukaryotic layered vector initiation system, DNA, 
protein, non-alphavirus viral vector), wherein the first and second methods are 
different, with the proviso that either the first method or the second method or both 
methods is selected from the group consisting of alphavirus vector particles, RNA 
vector replicons or eukaryotic layered vector initiation systems. Within various 
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embodiments of the invention, the immune response may be generated to treat a 
disease, and/or, to prevent a disease (e.g. as a prophylactic or therapeutic vaccine). 

Within another aspect of the invention, non-lymphotropic alphaviruses are provided, 
wherein the alphaviruses are capable of infecting dendritic cells (DC tropic). In one 
5 embodiment the dendritic cells are immature dendritic cells (e.g., CD1a+, CD86dim, 
CD83"). In another embodiment, the alphaviruses are selected from the group 
consisting of Sindbis virus, Semliki Forest virus, and Ross River virus. In yet another 
embodiment, the alphavirus is a Sindbis virus that has an amino acid encoded at 
residue 160 of glycoprotein E2 that is not glutamic acid. Within a further embodiment, 

10 the alphavirus is not a Venezuelan equine encephalitis virus or Sindbis virus CMCC 
#4639 (deposited with the ATCC on April 2, 1996: VR-2526). Within a further 
embodiment the alphavirus has the nucleic acid sequence set forth in Figure 2B, or, a 
nucleic acid sequence which but for the redundancy of the genetic code encodes the 
same amino acid sequence. Within other aspects of the invention, non-lymphotropic 

15 alphaviruses are also provided, for example, as disclosed in Figure 2C, or, a nucleic 
acid sequence which but for the redundancy of the genetic code encodes the same 
amino acid sequence. Also provided are alphavirus structural protein expression 
cassettes, RNA vector replicons, alphavirus vector particles, and eukaryotic layered 
vector initiation systems which are obtained or derived from, at least in part, one or 

20 more of the above-noted alphaviruses. 

Within another aspect of the invention, alphavirus vector particles are provided, 
wherein the alphavirus vector particles are capable of infecting culture (e.g., primary) 
human dendritic cells with an efficiency of infection (percentage infected) greater than 
their efficiency for infecting cultured (e.g., primary) murine dendritic cells. In one 

25 embodiment, the alphavirus vector particles can infect human dendritic cells with an 
efficiency at least 50%, 100%, or 200% greater than their efficiency for infecting 
murine dendritic cells. In another embodiment the dendritic cells are immature 
human dendritic cells (e.g., CD1a+, CD86dim, CD83"). In yet another embodiment, 
the alphavirus vector particles are derived from an alphavirus selected from the group 

30 consisting of a Sindbis virus, Semliki Forest virus, Ross River virus, and Venezuelan 
equine encephalitis virus. In yet another embodiment, the alphavirus vector particles 
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are from a Sindbis virus that has an amino acid encoded at residue 160 of 
glycoprotein E2 that is not glutamic acid. Within a further embodiment, the alphavirus 
vector particles are not derived from Sindbis virus CMCC #4639 (deposited with the 
ATCC on April 2, 1996: VR-2526). Within a further embodiment, the alphavirus vector 
5 particles are derived from the nucleic acid sequence set forth in Figure 2B, or, a 
nucleic acid sequence which but for the redundancy of the genetic code encodes the 
same amino acid sequence. Also provided are alphavirus structural protein 
expression cassettes, RNA vector replicons, and Eukaryotic Layered Vector Initiation 
Systems which are obtained or derived, at least in part, from one or more of the 
10 above-noted alphaviruses. 

Within other aspects of the present invention, expression cassettes are provided 
comprising a promoter (e.g., a bacteriophage promoter for in vitro use, or an RNA pol 
II promoter for in vivo use) operably linked to a full-length cDNA clone of a DC tropic 
alphavirus from above, such that transcription of the full-length cDNA clone yields an 

15 RNA that initiates a productive viral infection when introduced into the cytoplasm of a 
susceptible cell. Also provided are alphavirus vector constructs, RNA replicons, cDNA 
vector construct, ELVIS, and the like, which are derived from the above DC tropic 
alphaviruses. Within certain embodiments, vectors are provided comprising a 5'- 
promoter (bacteriophage or RNApolll) operably linked to the alphavirus vector cDNA 

20 sequence, subgenomic junction region promoter, heterologous gene to be expressed, 
and a polyadenylate tract. 

A wide variety of antigens may be expressed from the alphavirus-based vector 
systems, including for example, antigens or peptides from a pathogenic agent (e.g., a 
cancerous cell, virus, bacteria, fungi, or parasite). 

25 Within other aspects of the invention, a method of introducing and expressing a 
heterologous sequence in human dendritic cells in vivo or in vitro (e.g., for use in 
biological assays) is provided, comprising: infecting a population of human cells 
containing dendritic cells and/or dendritic cell precursors with a recombinant 
alphavirus vector particle according to the present invention for a time and under 

30 conditions necessary for intracellular expression of the replicon encoded heterologous 
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gene within the dendritic cell, said alphavirus vector particle containing the 
heterologous sequence, with the proviso that said alphavirus vector particle is not 
derived entirely from Sindbis virus CMCC #4639 (deposited with the ATCC on April 2, 
1996: VR-2526). However, such particle may contain a portion of CMCC #4639. 
5 Within certain embodiments, the alphavirus vector particle is from at least a portion of 
a Sindbis virus, Semliki Forest virus, Venezuelan equine encephalitis virus or Ross 
River virus. 

Within another aspect of the invention, a method of introducing and expressing a 
heterologous sequence in human dendritic cells and also inducing activation and/or 

10 maturation of said dendritic cells is provided, comprising: infecting a population of 
human cells containing dendritic cells and/or dendritic cell precursors with a 
recombinant alphavirus vector particle according to the present invention for a time 
and under conditions necessary for intracellular expression of the replicon encoded 
heterologous gene and activation and/or maturation of the dendritic cells, said 

15 alphavirus vector particle containing the heterologous sequence. Also provided are 
alphavirus vector particles comprising a vector replicon (as described in more detail 
below) and structural proteins necessary for particle formation, with the proviso that at 
least one structural protein of the vector particle is from a DC tropic alphavirus and 
said alphavirus vector particle is not derived entirely from Sindbis virus CMCC #4639 

20 (deposited with the ATCC on April 2, 1996: VR-2526; however, such particles may 
contain a portion of CMCC #4639). Within certain preferred embodiments, the vector 
replicon further comprises a gene encoding an antigen from a pathogenic agent. 

Within other aspects of the invention, a method of introducing and expressing a 
heterologous sequence in dendritic cells is provided, comprising the step of infecting a 

25 population of cells containing dendritic cells and/or dendritic cell precursors with a 
recombinant alphavirus vector particle, the alphavirus vector particle containing the 
heterologous sequence and with the proviso that the alphavirus vector particle is not 
derived entirely from Venezuelan equine encephalitis virus or Sindbis virus CMCC 
#4639 (deposited with the ATCC on April 2, 1996: VR-2526 (however, such particle 

30 may contain a portion of VEE or CMCC #4639)). Within certain embodiments, the 
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alphavirus vector particle is from at least a portion of a Sindbis virus, Semliki Forest 
virus, or Ross River virus. 

In further embodiments of the invention, the dendritic cells are immature dendritic 
cells. In another embodiment of the invention, said method of introducing and 
5 expressing a heterologous sequence in dendritic cells is carried out in vitro. Such 
dendritic cells may be removed from peripheral blood by apheresis or other means, 
and/or separated or enriched from bone marrow, or from cultured and/or expanded or 
differentiated hematopoetic cells (see, e.g., U.S. Patent Nos. 4,927,750, 5,643,786, 
5,646,004, 5,648,219, 5,648,248, 5,663,051, 5,788,963, 5,811,297, 5,851,756, 
10 5,866,115 and 5,871,728; see also the Examples). In yet another embodiment of the 
invention, the method of introducing and expressing a heterologous sequence in 
dendritic cells is carried out in vivo, in a warm-blooded animal (e.g., by subcutaneous, 
intradermal, intramuscular, intranasal, intravenous injection). 

Within other aspects of the invention, a method of. introducing and expressing a 
15 heterologous sequence in human macrophages or antigen presenting cells in vivo or 
in vitro (e.g., for use in biological assays) is provided, comprising: infecting a 
population of cells containing human macrophages or antigen presenting cells with a 
recombinant alphavirus vector particle according to the present invention for a time 
and under conditions necessary for intracellular expression of the replicon encoded 
20 heterologous gene within the dendritic cell, said alphavirus vector particle containing 
the heterologous sequence, with the proviso that said alphavirus vector particle is not 
derived entirely from Sindbis virus CMCC #4639 (deposited with the ATCC on April 2, 
1996: VR-2526 (however, such particle may contain a portion of CMCC #4639)). 
Within certain embodiments, the alphavirus vector particle is from at least a portion of 
25 a Sindbis virus, Semliki Forest virus, Venezuelan equine encephalitis virus or Ross 
River virus. 

Within other aspects, methods are provided for stimulating an immune response within 
a warm-blooded animal, comprising the general step of administering to a warm- 
blooded animal alphavirus vector particles described herein that infect dendritic cells 
30 and express an antigen or a portion thereof from a pathogenic agent. Within one 
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embodiment, the alphavirus vector particles are not derived entirely from Venezuelan 
equine encephalitis virus or Sindbis virus CMCC #4639 (deposited with the ATCC 
April 2, 1996: VR-2526 (however, such particles may contain a portion of VEE or 
CMCC #4639)). Within certain embodiments, the alphavirus vector particle is from at 
5 least a portion of a Sindbis virus, Semliki Forest virus, or Ross River virus. 

Within other aspects, methods are provided for stimulating an antigen-specific T cell 
response, comprising the steps of infecting dendritic cells with alphavirus vector 
particles described herein that express an antigen from a pathogenic agent, and 
allowing presentation of said antigen by dendritic cells to T cells, such that said T cells 
10 are stimulated in an antigen-specific manner. 

Within a further aspect of the present invention, isolated nucleic acid molecules 
encoding a Sindbis virus E2 glycoprotein gene are provided, wherein said nucleic acid 
molecule has an amino acid substitution or deletion for the wild-type glutamic acid at 
codon 160, and with the proviso that said glycoprotein gene is not obtained from VEE 
15 or CMCC #4639. Within one embodiment, a glycine residue is substituted at codon 
160. Also provided are structural protein expression cassettes comprising such 
nucleic acid molecules, and alphavirus vector particles containing the above noted E2 
structural protein. 

These and other aspects of the present invention will become evident upon reference 
20 to the following detailed description and attached drawings. In addition, various 
references are set forth herein which describe in more detail certain procedures or 
compositions (e.g., plasmids, etc.), and are therefore incorporated by reference in 
their entirety. 

Brief Description Of The Drawings 

25 Figure 1 is a schematic illustration of one representative flow chart of a human 
dendritic cell adaptation strategy for alphaviruses. 

Figure 2A describes a general cloning strategy for the genome of a human dendritic 
cell adapted alphavirus (e.g., Sindbis virus) variant. 
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Figure 2C is the nucleotide sequence of SinChironLP virus 

Figure 3 shows Sindbis-GFP vector infection of human dendritic cells. 

Figure 4 shows increased efficiency of human DC infection by a SIN-GFP vector with 
5 SinDCChiron-derived envelope glycoproteins, as compared to glycoproteins from 
another DC variant of Sindbis virus. 

Figure 5 shows that SIN-GFP vectors with DC adapted glycoproteins specifically 
target immature human dendritic cells as compared to mature DCs. 

Figure 6 shows laser cytometric analysis of DC variant SIN-GFP vector infected cells 
1 0 trafficking to the lymph node after administration to mice 

Figure 7 shows microscopy of DC variant SIN-GFP vector infected cells that have 
trafficked to the lymph node after administration to mice 

Figure 8 is a graph showing that alphaviruses (e.g., SFV or SIN-LP) are capable of 
infecting murine DC, but not human DC unless they are first modified or adapted for 
15 the efficient infection of such human DC (see for example SIN DC+). 

Figure 9 is a graph showing alphavirus (e.g., SIN) vector induced maturation and 
activation of human DC following transduction in vitro and murine DC following 
transduction in vivo. 

Figure 10 shows the utility of human DC-adapted alphavirus vectors for in vitro assays 
20 that measure antigen presentation by transduced DC and stimulation of immune cells 
(e.g., T cells). 

Figure 11 is a graph comparing immune induction using recombinant alphavirus 
particles containing either the new SINCR replicon or a wild-type SINBV replicon. 

Figure 12 is a graph that shows CTL enhancement by selected prime/boost vaccine 
25 strategies. 
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Figure 13 demonstrates alphavirus vector particle production from LP and DC+ 
derived packaging cell lines. 

Figure 14 graphically depicts cellular and humoral immune responses in primates after 
immunization with an ELVIS vector prime and a recombinant protein boost. 

Detailed Description Of The Invention 

Definitions 

Prior to setting forth the invention, it may be helpful to an understanding thereof to first 
set forth definitions of certain terms that will be used hereinafter 

An "isolated nucleic acid molecule" is a nucleic acid molecule that is not integrated in 
the genomic DNA of an organism, or, in the case of the virus, not contained within the 
genome of a wild-type virus. One example of an isolated nucleic acid molecule is a 
chemically-synthesized nucleic acid molecule, or, a nucleic acid molecule that is 
produced by recombinant (e.g., PCR) techniques. 

"Genomic RNA" refers to an RNA that contains all of the genetic information required 
to direct its own amplification or self-replication in vivo, within a target cell. An 
alphavirus-derived genomic RNA molecule should contain the following ordered 
elements: 5' viral or defective-interfering RNA sequence(s) required in cis for 
replication, sequences which, when expressed, code for biologically active alphavirus 
nonstructural proteins (e.g., nsP1, nsP2, nsP3, nsP4), 3' viral sequences required in 
cis for replication, and a polyadenylate tract. The alphavirus-derived genomic RNA 
vector replicon also may contain a viral subgenomic "junction region" promoter and 
sequences which, when expressed, code for biologically active alphavirus structural 
proteins (e.g., C, E3, E2, 6K, E1). Generally, the term genomic RNA refers to a 
molecule of positive polarity, or "message" sense, and the genomic RNA may be of 
length different from that of any known, naturally-occurring alphavirus. 

"Alphavirus vector construct" refers to an assembly which is capable of directing the 
expression of a sequence or gene of interest. Such vector constructs are comprised 
of a 5' sequence which is capable of initiating transcription of an alphavirus RNA (also 
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referred to as 5' CSE, in background), as well as sequences which, when expressed, 
code for biologically active alphavirus nonstructural proteins (e.g., nsP1, nsP2, nsP3, 
nsP4), an alphavirus RNA polymerase recognition sequence (also referred to as 3' 
CSE, in background), and a polyadenylate tract. In addition, the vector construct may 
5 include a viral subgenomic "junction region" promoter, sequences from one or more 
structural protein genes or portions thereof, extraneous nucleic acid molecule(s) which 
are of a size sufficient to allow production of viable virus, a 5' promoter which is 
capable of initiating the synthesis of viral RNA from cDNA in vitro or in vivo, a 
heterologous sequence to be expressed, and one or more restriction sites for insertion 
10 of heterologous sequences. 

"Alphavirus RNA vector replicon", "RNA vector replicon" and "replicon" refers to an 
RNA molecule which is capable of directing its own amplification or self-replication 
in vivo, within a target cell. An alphavirus-derived RNA vector replicon should contain 
the following ordered elements: 5' viral sequences required in cis for replication (also 

15 referred to as 5' CSE, in background), sequences which, when expressed, code for 
biologically active alphavirus nonstructural proteins (e.g., nsP1, nsP2, nsP3, nsP4), 3' 
viral sequences required in cis for replication (also referred to as 3' CSE, in 
background), and a polyadenylate tract. The alphavirus-derived RNA vector replicon 
also may contain a viral subgenomic "junction region" promoter, sequences from one 

20 or more structural protein genes or portions thereof, extraneous nucleic acid 
molecule(s) which are of a size sufficient to allow production of viable virus, as well as 
heterologous sequence(s) to be expressed. 

"Recombinant Alphavirus Particle, Alphavirus Vector Particle" refers to a virion-like 
structural unit containing an alphavirus RNA vector replicon. Generally, a recombinant 

.25 alphavirus particle comprises one or more alphavirus structural proteins, a lipid 
envelope and an RNA vector replicon. Preferably, the recombinant alphavirus particle 
contains a nucleocapsid structure that is contained within a host cell-derived lipid 
bilayer, such as a plasma membrane, in which alphaviral-encoded envelope 
glycoproteins are embedded. Use of- the term "recombinant" when referring to 

30 alphavirus particles means that the alphavirus particles that have been generated or 
modified by molecular genetic manipulation, and is does not refer to wild-type 
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alphaviruses as found in nature. Recombinant alphavirus particles however may be 
derived from alphaviruses found in nature, when all or a portion of such an alphavirus 
is used to construct or otherwise generate a recombinant alphavirus particle. 

"Alphavirus packaging cell line" refers to a cell which contains an alphavirus structural 
5 protein expression cassette and which produces recombinant alphavirus particles after 
introduction of an alphavirus vector construct, RNA vector replicon, eukaryotic layered 
vector initiation system, or recombinant alphavirus particle. The parental cell may be 
of mammalian or non-mammalian origin. Within preferred embodiments, the 
packaging cell line is stably transformed with the structural protein expression 
10 cassette. 

"Eukaryotic Layered Vector Initiation System" or "ELVIS" refers to an assembly which 
is capable of directing the expression of a sequence(s) or gene(s) of interest. The 
eukaryotic layered vector initiation system should contain a 5' promoter which is 
capable of initiating in vivo (i.e., within a cell) the synthesis of RNA from cDNA, and a 

15 viral vector sequence which is capable of directing its own replication in a eukaryotic 
cell and also expressing a heterologous sequence. In preferred embodiments, the 
nucleic acid vector sequence is an alphavirus-derived sequence and is comprised of a 
5' sequence which is capable of initiating transcription of an alphavirus RNA (also 
referred to as 5' CSE, in background), as well as sequences which, when expressed, 

20 code for biologically active alphavirus nonstructural proteins (e.g., nsP1, nsP2, nsP3, 
nsP4), and an alphavirus RNA polymerase recognition sequence (also referred to as 
3' CSE, in background). In addition, the vector sequence may include a viral 
subgenomic "junction region" promoter, sequences from one or more structural protein 
genes or portions thereof, extraneous nucleic acid molecule(s) which are of a size 

25 sufficient to allow optimal amplification, a heterologous sequence to be expressed, 
one or more restriction sites for insertion of heterologous sequences, as well as a 
polyadenylation sequence. The eukaryotic layered vector initiation system may also 
contain splice recognition sequences, a catalytic ribozyme processing sequence, a 
nuclear export signal, and a transcription termination sequence. 
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"Antigen" refers to a molecule containing one or more epitopes (either linear, 
conformational or both) that will stimulate a host's immune system to make a humoral 
and/or cellular antigen-specific response. The term is used interchangeably with the 
term "immunogen." Normally, a B-cell epitope will include at least about 5 amino 
acids but can be as small as 3-4 amino acids. A T-cell epitope, such as a CTL 
epitope, will include at least about 7-9 amino acids and a helper T-cell epitope at least 
about 12-20 amino acids. Normally, an epitope will include between about 7 and 15 
amino acids, such as, 9, 10, 12 or 15 amino acids. The term "antigen" denotes both 
subunit antigens, {i.e., antigens which are separate and discrete from a whole 
organism with which the antigen is associated in nature), as well as, killed, attenuated 
or inactivated bacteria, viruses, fungi, parasites or other microbes. Antibodies such as 
anti-idiotype antibodies, or fragments thereof, and synthetic peptide mimotopes, which 
can mimic an antigen or antigenic determinant, are also captured under the definition 
of antigen as used herein. Similarly, an oligonucleotide or polynucleotide which 
expresses an antigen or antigenic determinant in vivo, such as in gene therapy and 
DNA immunization applications, is also included in the definition of antigen herein. 

For purposes of the present invention, antigens can be derived from any of several 
known viruses, bacteria, parasites and fungi, as described more fully below. The term 
also intends any of the various tumor antigens. "Native Antigens" refers to antigens 
derived from natural sources, i.e. non-recombinant methods. Furthermore, for 
purposes of the present invention, an "antigen" refers to a protein or peptide which 
includes modifications, such as deletions, additions and substitutions (generally 
conservative in nature), to the native sequence, so long as the protein maintains the 
ability to elicit an immunological response, as defined herein. These modifications 
may be deliberate, as through site-directed mutagenesis, or may be accidental, such 
as through mutations of hosts which produce the antigens. 

An "immune response" to an antigen or composition is the development in a subject of 
a humoral and/or a cellular immune response to an antigen present in the composition 
of interest. For purposes of the present invention, a "humoral immune response" 
refers to an immune response mediated by antibody molecules, while a "cellular 
immune response" is one mediated by T-lymphocytes and/or other white blood cells. 
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One important aspect of cellular immunity involves an antigen-specific response by 
cytolytic T-cells ("CTL"s). CTLs have specificity for peptide antigens that are 
presented in association with proteins encoded by the major histocompatibility 
complex (MHC) and expressed on the surfaces of cells. CTLs help induce and 
promote the destruction of intracellular microbes, or the lysis of cells infected with 
such microbes. Another aspect of cellular immunity involves an antigen-specific 
response by helper T-cells. Helper T-cells act to help stimulate the function, and focus 
the activity of, nonspecific effector cells against cells displaying peptide antigens in 
association with MHC molecules on their surface. A "cellular immune response" also 
refers to the production of cytokines, chemokines and other such molecules produced 
by activated T-cells and/or other white blood cells, including those derived from CD4+ 
and CD8+ T-cells. 

A composition or vaccine that elicits a cellular immune response may serve to 
sensitize a vertebrate subject by the presentation of antigen in association with MHC 
molecules at the cell surface. The cell-mediated immune response is directed at, or 
near, cells presenting antigen at their surface. In addition, antigen-specific T- 
lymphocytes can be generated to allow for the future protection of an immunized host. 

The ability of a particular antigen to stimulate a cell-mediated immunological response 
may be determined by a number of assays, such as by lymphoproliferation 
(lymphocyte activation) assays, CTL cytotoxic cell assays, or by assaying for T- 
lymphocytes specific for the antigen in a sensitized subject. Such assays are well 
known in the art. See, e.g., Erickson et al., J. Immunol. 151:41 89-41 99, 1993; Doe et 
al., Eur. J. Immunol. 24:2369-2376, 1994. Recent methods of measuring cell- 
mediated immune response include measurement of intracellular cytokines or cytokine 
secretion by T-cell populations, or by measurement of epitope specific T-cells (e.g., by 
the tetramer technique)(reviewed by McMichael, A.J., and O'Callaghan, C.A., J. Exp. 
Med. 1 87(9): 1367-1 371, 1998; Mcheyzer-Williams, M.G. et al., Immunol. Rev. 150:5- 
21, 1996; Lalvani, A. et al., J. Exp. Med. 186:859-865, 1997). 

Thus, an immunological response as used herein may be one which stimulates the 
production of CTLs, and/or the production or activation of helper T- cells. The antigen 
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of interest may also elicit an antibody-mediated immune response. Hence, an 
immunological response may include one or more of the following effects: the 
production of antibodies by B-cells; and/or the activation of suppressor T-cells and/or 
T-cells directed specifically to an antigen or antigens present in the composition or 
5 vaccine of interest. These responses may serve to neutralize infectivity, and/or 
mediate antibody-complement, or antibody dependent cell cytotoxicity (ADCC) to 
provide protection to an immunized host. Such responses can be determined using 
standard immunoassays and neutralization assays known in the art. 

An "Immunogenic Composition" as used herein and as claimed refers to one or more 

10 individual components used to elicit an immune response in an animal. For example, 
and not intended as a limitation, the immunogenic compositions of the present 
invention may provide a first immunizing component selected from the group 
consisting of: native antigens, recombinant antigens, non-alphavirus viral vectors, 
nucleic acids, and alphavirus derived vector systems selected from the group 

15 consisting of alphavirus vector particles, eukaryotic layered vector initiation systems, 
and RNA vector replicons and a second immunizing component selected from the 
group consisting of: native antigens, recombinant antigens, non-alphavirus viral 
vectors, nucleic acids, and alphavirus derived vector systems selected from the group 
consisting of alphavirus vector particles, eukaryotic layered vector initiation systems, 

20 and RNA vector replicons. Providing that the first immunizing component is different 
from the second immunizing component and that the first immunizing component, the 
second immunizing component or both are alphavirus derived vector systems. 
Furthermore, the immunizing components that make up the immunogenic 
compositions of the present invention are administered to the host individually. The 

25 first immunizing component is generally administered to prime the immune system, 
whereas the second immunizing component is administered to boost the immune 
system. However, in other embodiments of the present invention the individual 
immunizing components may be administered simultaneously. In addition, it should 
be appreciated that in those instances wherein the first and second immunizing 

30 components of an immunogenic composition are both alphavirus vectors (e.g., vector 
particles, ELVIS, RNA replicons), there may be particular advantages to using 



-19- 



WO 01/81609 PCT/US01/09326 

alphavirus vectors derived from different alphaviruses. For example, a method for 
inducing an immune response in an animal wherein the first immunizing component is 
derived from a first alphavirus and the second immunizing component is derived from 
a second alphavirus different from said first alphavirus is expected to minimize any 
deleterious effects of anti-vector immune responses that resulted from administration 
of the first component. 

"Immature Dendritic Cells" refers to a population of cells with particular characteristics 
as outlined below. The criteria for identifying immature dendritic cells, both in 
cytokine-driven culture and from primary tissues, include their dendritic morphology, 
motility, phagocytic activity. Immature dendritic cells express surface CD1a, moderate 
expression of surface MHC and costimulatory molecules (e.g. CD40, CD80, CD86) 
and are negative for CD3, CD19, CD20 and CD83 (Banchereau and Steinman, Nature 
392, 245-252, 1998). These cells have the capacity to differentiate into mature 
immunostimulatory antigen presenting cells, both dendritic cells and macrophages, the 
latter being generated via a CD14+ cell intermediate (Cella et al. Curr Opin in 
Immunol. 9:10-16, 1997). Mature dendritic cells (CD86+, MHC+ and CD83+, CD14-) 
and macrophages (CD14+, MHC+ c-fms+,CD83-) can present processed antigens to 
immune cells and are thus referred to as professional antigen-presenting cells (Hart, 
Blood 90: 3245-3287, 1997). 

"Infects human dendritic cells" refers to recombinant alphavirus particles or 
alphaviruses that efficiently infect or transduce human dendritic cells. In this context, 
transduction or infection efficiency refers to the ability of a recombinant alphavirus 
particle or alphavirus to bind to, penetrate and deliver an RNA vector replicon or 
alphavirus genome to the cytoplasm of a host cell, thereby allowing replicon mediated 
expression of a heterologous sequence (e.g., a reporter or antigen), or genome- 
mediated expression of structural proteins in a host cell. Generally, recombinant 
alphavirus particles or alphaviruses will efficiently transduce or infect host cells in vitro 
at 10, 20, 25, or 50 fold over a wild-type alphavirus of the same species at an MOI of 
100 or less. Alternatively, transduction or infection efficiency is at least 20, 30, 40, or 
50% of cells when performed in vitro at an MOI of 100 or less. Wild-type alphaviruses 
for comparison, as well as cDNA clones for use in the construction of corresponding 
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replicons and structural protein expression cassettes, can be obtained by using full- 
length virus clones referenced in the following publications: Sindbis virus - Rice et al., 
1987, J. Virol. 61:3809-3819; Semliki Forest virus - Liljestrom et al., 1991, J. Virol. 
65:4107-4113; Ross River virus - Kuhn et al., 1991, Virology 182:430-441; 
Venezuelan equine encephalitis virus - Davis et aL, 1989, Virology 171:189-204. 

"Isolated alphaviruses" refers to alphaviruses that are separated from the cells in 
which they are propagated. Alphaviruses may be further purified by a number of 
techniques, including for example, plaque purification. 

As noted above, the present invention provides compositions and methods suitable for 
generating an immune response in a warm-blooded animal (e.g., a human, horse, 
cow, sheep, pig, dog, cat, rat or mouse), comprising the general step of administering 
to an animal a gene delivery vector (e.g., alphavirus vector particles, ELVIS, DNA), or, 
protein followed by the step of administering to the same animal the same or similar 
antigen by a second gene delivery vector (e.g. alphavirus vector particles, ELVIS, or, 
DNA), or, protein, wherein the first and second methods are different. By 
administering two separate gene delivery vectors (or a vector and protein), one can 
boost the immune response of the warm-blooded animal to the desired antigen. 

In order to further an understanding of the present invention, described in more detail 
below are (A) methods for generating alphavirus-based gene delivery vectors and 
DNA-based gene delivery vectors; and (B) methods of utilizing one or both in a variety 
of methods. 

A. Alphavirus-based gene delivery vectors, and DNA-based gene delivery vectors. 

A wide variety of alphavirus-based gene delivery vectors may be readily generated 
using the disclosure provided herein. Representative examples of such vectors 
include RNA vector replicons, alphavirus vector constructs, and recombinant 
alphavirus particles. Briefly, sequences encoding wild-type alphaviruses suitable for 
use in preparing the above-described vectors can be readily obtained from naturally- 
occurring sources, or from depositories (e.g., the American Type Culture Collection, 
Rockville, Maryland). In addition, wild-type alphaviruses may be utilized for comparing 
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their ability to infect dendritic cells, macrophages or antigen presenting cells with the 
alphaviruses and derived vectors of the present invention. 

Representative examples of suitable alphaviruses include Aura virus (ATCC VR-368), 
Bebaru virus (ATCC VR-600. ATCC VR-1240), Cabassou virus (ATCC VR-922), 
Chikungunya virus (ATCC VR-64, ATCC VR-1241), Eastern equine encephalomyelitis 
virus (ATCC VR-65, ATCC VR-1242), Fort Morgan virus (ATCC VR-924), Getah virus 
(ATCC VR-369, ATCC VR-1243), Kyzylagach virus (ATCC VR-927), Mayaro virus 
(ATCC VR-66. ATCC VR-1277), Middleburg virus (ATCC VR-370), Mucambo virus 
(ATCC VR-580, ATCC VR-1244), Ndumu virus (ATCC VR-371), Pixuna virus (ATCC 
VR-372 ATCC VR-1245), Ross River virus (ATCC VR-373, ATCC VR-1246), Semliki 
Forest virus (ATCC VR-67, ATCC VR-1247), Sindbis virus (ATCC VR-68, ATCC VR- 
1248; see also CMCC #4640, described below), Tonate virus (ATCC VR-925), Triniti 
virus (ATCC VR-469), Una virus (ATCC VR-374), Venezuelan equine 
encephalomyelitis virus (ATCC VR-69, ATCC VR-923, ATCC VR-1250 ATCC VR- 
1249, ATCC VR-532), Western equine encephalomyelitis virus (ATCC VR-70, ATCC 
VR-1251, ATCC VR-622, ATCC VR-1252), Whataroa virus (ATCC VR-926), and 
Y-62-33 virus (ATCC VR-375). 

Representative examples of suitable methods for constructing alphavirus-based vector 
systems are described in more detail in PCT Publication No. WO 97/38087 entitled 
20 "Recombinant Alphavirus-Based Vectors With Reduced Inhibition Of Cellular 
Macromolecular Synthesis" and U.S. Patent Nos. 5,091,309 and 5,217,879, 
5,843,723, and 5,789,245. 

Within one aspect of the invention, a variety of expression cassettes are provided, 
which contain the sequences coding for and operably express one or more alphavirus 

25 structural polypeptides provided herein. Generally, the expression cassettes fall within 
one of three categories: 1) a DNA promoter of RNA transcription (e.g., RNA 
polymerase II promoter) directly and operably linked to the structural protein open 
reading frame (ORF), and a transcription termination/polyadenylation sequence; 2) an 
alphavirus defective helper RNA transcribed in vitro or in vivo, comprising the ordered 

30 elements 5' viral or defective-interfering RNA sequence required in cis for alphaviral 



15 
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replication (also referred to as 5' CSE, in background), viral subgenomic junction 
region promoter, alphavirus structural protein sequence of the present invention, 3' 
alphaviral sequence required in cis for replication (also referred to as 3' CSE, in 
background), and polyadenylate tract; and 3) DNA cassettes comprising the ordered 
5 elements of a DNA promoter of RNA transcription that functions within a eukaryotic 
cell (e.g., RNA polymerase II promoter) and is operably linked to a 5' viral or defective- 
interfering RNA sequence required in cis for alphaviral replication, viral subgenomic 
junction region promoter, alphavirus structural protein sequence of the present 
invention, 3' alphaviral sequence required in cis for replication, polyadenylate tract, 
10 and transcription termination/polyadenylation sequence. In preferred embodiments, 
the structural proteins of the present invention are synthesized at high levels by the 
cassettes only after induction by the RNA vector replicon itself or some other provided 
stimulus. In further embodiments, the structural protein expression cassettes do not 
express all alphavirus nonstructural proteins. 

15 Within further aspects of the invention, alphavirus packaging cell lines are provided. 
In particular, within one aspect of the present invention, alphavirus packaging cell lines 
are provided wherein the viral structural proteins are supplied in trans from one or 
more stably transformed expression cassettes, and are able to encapsidate 
transfected, transduced, or intracellular^ produced alphavirus vector RNA transcripts 

20 in the cytoplasm and release functional packaged vector particles through the plasma 
membrane. In preferred embodiments, the structural proteins necessary for 
packaging are synthesized at high levels only after induction by the RNA vector 
replicon itself or some other provided stimulus, and the transcripts encoding these 
structural proteins are capable of cytoplasmic amplification in a manner that will allow 

25 expression levels sufficient to mimic that of a natural viral infection (WO 97/38087 and 
U.S. Patent 5,789,245). In other embodiments, the structural proteins may be 
specifically modified prior to use in alphavirus packaging cell lines (e.g., sequence 
coding for the nuclear localization signal of VEE capsid protein may be altered by site- 
directed mutagenesis to prevent this function). Furthermore, in other embodiments, 

30 expression of a selectable marker is operably linked to the structural protein 
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expression cassette. Such a linked selectable marker allows efficient generation of 
stable packaging cell lines. 

As provided by the invention, methods for generation (packaging) of recombinant 
alphavirus vector particles are provided and may be readily accomplished for 
5 example, by co-transfection of complementing vector and defective helper (DH) 
molecules as in vitro transcribed RNA or plasmid DNA, or by co-infection with virus 
(seeXiong et al., Science 243:1188-1191, 1989, Bredenbeek et al., J. Virol. 67:6439- 
6446, 1993, Dubensky et al., J. Virol 70:508-519, 1996 and U.S. Patents 5,814,482, 
5,739,026, 5,766,602, 5,789,245 and 5,792,462. Alternatively, vector particles may be 

10 generated by introduction of vector RNA into stable alphavirus packaging cell lines or 
"PCL" (Polo et al., PNAS 96:4598^603; U.S. Patent 5,789,245). Briefly, such PCL 
and their stably transformed structural protein expression cassettes can be derived 
using methods described within U.S. Patent 5,789,245, or using novel methods 
described within this invention. For example, the production of recombinant 

15 alphavirus vector particles by PCL may be accomplished following introduction of 
alphavirus-based vector molecules into the PCL, the vectors being derived from 
in vitro transcribed RNA, plasmid DNA, or previously obtained recombinant alphavirus 
particles, incubating the PCL for a under conditions and for a time necessary for 
vector particle packaging, and harvesting of the packaged vector particles. Packaging 

20 cell lines may be used for the serial propagation of alphavirus vector particles 
following high or low multiplicity of infection. 

In addition to the above viral-based vectors, numerous non-viral gene delivery 
vehicles may likewise be utilized within the context of the present invention. 
Representative examples of such gene delivery vehicles include direct delivery of 
25 nucleic acid expression vectors or naked DNA alone (see e.g., U.S. Patent Nos. 
5,814,482 and 5,580,859), 

B. Use of gene therapy vectors 

As noted above, within one aspect of the present invention methods are provided for 
generating or enhancing an immune response utilizing one or more gene delivery 
30 vectors (e.g., alphavirus or non-alphavirus viral vectors) and/or recombinant protein in 
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order to prime and boost an immune response. Representative examples of such 
disease targets include viral infections such as HIV, HBV, HCV, HTLV I, HTLV II, 
CMV, EBV, HSV, respiratory syncytial virus, HPV, as well as cancer antigens (e.g., 
melanoma). More specifically, within one aspect of the present invention, 
compositions and methods are provided for stimulating an immune response (either 
humoral or cell-mediated) to a pathogenic agent, such that the pathogenic agent is 
either killed or inhibited. Representative examples of pathogenic agents include 
bacteria, fungi, parasites, viruses and cancer cells. 

This approach presents a distinct advantage over others since the antigenic epitopes 
expressed can be altered by selective cloning of sub-fragments of the gene for the 
antigen into the alphavirus vector, leading to responses against immunogenic epitopes 
which may otherwise be overshadowed by immunodominant epitopes. Such an 
approach may be extended to the expression of a peptide having multiple epitopes, 
one or more of the epitopes being derived from different proteins. Further, this aspect 
of the invention allows efficient stimulation of cytotoxic T lymphocytes (CTL) directed 
against antigenic epitopes, and peptide fragments of antigens encoded by sub- 
fragments of genes, through intracellular synthesis and association of these peptide 
fragments with MHC Class I molecules. This approach may be utilized to map major 
immunodominant epitopes for CTL induction. 

An immune response may also be achieved by transferring to an appropriate immune 
cell (such as a T lymphocyte) the gene for the specific T cell receptor which 
recognizes the antigen of interest (in the context of an appropriate MHC molecule if 
necessary), for an immunoglobulin which recognizes the antigen of interest, or for a 
hybrid of the two which provides a CTL response in the absence of the MHC context. 
Thus, the gene delivery vehicle cells may be used as an immunostimulant, 
immunomodulator, or vaccine. 

One particularly appealing use for alphavirus vectors is human vaccine and 
therapeutic application. As described in the detailed description and examples below, 
the present invention provides compositions and methods to increase the potency of 
such alphavirus-based systems, particularly in the area of vaccines. One approach 
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exemplified by the present invention is the targeting of alphavirus vectors directly to 
antigen presenting cells (e.g., dendritic cells, macrophages). It is known that among 
the many members of the alphavirus genus, Venezuelan equine encephalit,s (VEE) 
virus is naturally lymphotropic, while the other members are not (Caley et al., J. Virol. 
713031-3038 1997). Yet it has also been observed that one member of the 
alphavirus group. VEE (MacDonald et al., J. Virol. 74:914-922), and now SFV and SIN 
(Figure 8) are capable of infecting murine dendritic cells at relatively high effiaency. 
Unfortunately, the ability of an alphavirus to efficiently infect murine dendritic cells is 
not predictive of its ability to efficiently infect human dendritic cells (Figure 8), which 
would be a goal of vaccine optimization for human use with these vectors. It should 
also be noted that VEE virus is a significant human pathogen responsible for sporadic 
epidemic outbreaks of encephalitis, resulting in multiple deaths or permanent central 
nervous system sequelae in virus infected individuals. Thus, VEE is classified for use 
under BL-3 level containment, suggesting that its development as a vaccine vector .s 
somewhat dubious. 

As illustrated below, alphaviruses. including those considered to be non-lymphotropic 
alphaviruses (see Caley et al., ibid) may be modified or adapted for efficient infection 
of human dendritic cells, their genomes then cloned, sequenced, and genetic 
modifications responsible then used in the construction of vectors and packaging 
cassettes useful for gene delivery to human dendritic cells. It should also be noted 
that this method of modification or adaptation to specifically target desired human cell 
types or populations is not limited to dendritic cells. Rather, the method can be 
extended to other -relevant target cell types (e.g.. cancer cells) by using the same 
process of cycling virus or vector through primary cultured cells, followed by cloning 
and construction of vectors and packaging cassettes. The invention also provides 
additional strategies to enhance the vaccine efficacy of alphavirus-based vectors, by 
utilizing prime-boost regimes that comprise administering or expressing a desired 
antigen using two separate and different methods, selected for example from 
alphavirus vector particles, nucleic acid (e.g.. DNA or ELVIS vectors), recombinant 
protein, non-alphavirus viral vectors (e.g.. poxvirus) and combined in any variety of 
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order, provided that either the prime or the boost or both is an alphavirus derived 
vector. 

Administration of the vectors and/or recombinant proteins of the present invention to a 
vaccinee, for example in the prime/boost strategy, may be accomplished by a variety 
5 of routes. For example, within one embodiment a warm-blooded animal may be 
primed by a first method {e.g., alphavirus vector particles, ELVIS, DNA, non- 
alphavirus viral vector, or recombinant protein) that stimulates an immune response 
against the desired antigen(s). A wide variety of inoculation routes may be utilized in 
this regard, including for example, intraocularly, intranasally, sublingually, orally, 

10 topically, intravesical^, intrathecal^, intravaginally, intrarectal^ topically, 
intravenously, intraperitoneal^, intracranial^, intramuscularly, intradermal^, or, 
subcutaneously. Priming by the first method may include multiple administrations of 
the selected method. Following priming, the same or substantially the same antigen 
or v a modified form thereof is administered to the same animal via a second method 

15 (e.g., alphavirus vector particles, ELVIS, DNA, non-alphavirus viral vector, or 
recombinant protein) that stimulates an immune response against the desired 
antigen(s). Similar to the priming step, a wide variety of inoculation routes may be 
utilized in this regard (see above list). Within certain embodiments, the boosting step 
may be performed several times, as is best suited to generate a protective or 

20 therapeutic immune response. 

Within yet other aspects of the present invention, the above-described alphavirus- 
based vector system (e.g., alphavirus vector particles, RNA vector replicons, 
eukaryotic layered vector initiation systems and the like) may be used for non-vaccine 
therapeutics, such as the treatment of coronary artery disease (CAD) and/or 

25 peripheral vascular disease (PVD). For example, within one embodiment an 
alphavirus-based vector such as ELVIS or recombinant alphavirus particle can be 
administered to a patient to treat or prevent CAD or PVD. In cardiovascular 
indications, including CAD and PVD, alphavirus vectors, both DNA- and particle-based 
can be used to deliver particular palliatives which stimulate angiogenesis and/or 

30 neovascularization. Included among these palliatives are, for example, fibroblast 
growth factor (e.g., FGF 1, 2, 4, 5, 18), vascular endothelial growth factor (e.g., VEGF- 
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2, D), endothelial nitric oxide synthetase (e.g., NOS). Delivery of these vectors for 
therapeutic effect can be accomplished by several alternative routes, including for 
example intramuscular for PVD, and intracoronary, intramyocardial, or perivascular, 
for CAD. 

5 Adjuvants may also be used to enhance the effectiveness of the vaccinating 
compositions used for priming or boosting. Such adjuvants include, but are not limited 
to: (1) aluminum salts (alum), such as aluminum hydroxide, aluminum phosphate, 
aluminum sulfate, etc.; (2) oil-in-water emulsion formulations (with or without other 
specific immunostimulating agents such as muramyl peptides (see below) or bacterial 

10 cell wall components), such as for example (a) MF59 (International Publication No. 
WO 90/14837), containing 5% Squalene, 0.5% Tween 80, and 0.5% Span 85 
(optionally containing various amounts of MTP-PE (see below), although not required) 
formulated into submicron particles using a microfluidizer such as Model 110Y 
microfluidizer (Microfluidics, Newton, MA), (b) SAF, containing 10% Squalane, 0.4% 

15 Tween 80, 5% pluronic-blocked polymer L121, and thr-MDP (see below) either 
microfluidized into a submicron emulsion or vortexed to generate a larger particle size 
emulsion, and (c) Ribi™ adjuvant system (RAS), (Ribi Immunochem, Hamilton, MT) 
containing 2% Squalene, 0.2% Tween 80, and one or more bacterial cell wall 
components from the group consisting of monophosphorylipid A (MPL), trehalose 

20 dimycolate (TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™); 
(3) saponin adjuvants, such as Stimulon™ (Cambridge Bioscience, Worcester, MA) 
may be used or particle generated therefrom such as ISCOMs (immunostimulating 
complexes); (4) Complete Freunds Adjuvant (CFA) and Incomplete Freunds Adjuvant 
(IFA); (5) cytokines, such as interleukins (IL-1, IL-2, etc.), macrophage colony 

25 stimulating factor (M-CSF), tumor necrosis factor (TNF), etc.; (6) oligonucleotides or 
polymeric molecules encoding immunostimulatory CpG motifs (Davis, H.L., et al., J. 
Immunology 1 60:870-876, 1998; Sato, Y. et al., Science 273:352-354, 1996) or 
complexes of antigens/oligonucleotides. Polymeric molecules include double and 
single stranded RNA and DNA, and backbone modifications thereof, for example, 

30 methylphosphonate linkages. Further, such polymeric molecules include alternative 
polymer backbone structures such as, but not limited to, polyvinyl backbones (Pitha, 
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B/oc/rem ^ ** **» 1970a; Pitha, — ^ 
morphoHno backbones (Summerton. J., e. a,., U.S. Paer* No. ^047^ 

08/25/92- Summerton. J.. a( a/., U.S. Patan. No. 5,185,444 issued 02/09/93). A 

L *— - ~ d POlynUde ° ,ide ana ' 095 haVe TTaoTo' 
Numerous backbone modifications are Known in .he art, including, but no. ,,m,.ed to, 

unl™d »nKa a es (e.g.. methy, pbospbona.es. pbospbo.ries.ers, phosphoam,da,e* 
a nddLa.es, and charged linkeges (e.g., phosphorothioates and 
and carbarn , substa nces that act as imrr,unost,mulat,ng 

rr ,l — . - ,e VLP (or ^ 

composition. Alum, CpG oligonucleotides, and MF59 are preferred. 
A variety of genes encoding polypeptide antigens can ha used in the practice of .he 
^invention. Antigens can be derived from a wide variety of — ^ * 
Lngi protozoans and other parasites. For example, .ha present invention w, find use 
: l,^ an immune response a 9 ain, a wide vanelyo, ^£ZT*£ 
the herpes vims family, including proteins derived from herpes simplex virus HSV) 
^ ^ Tend 2. such as HSV, and HSV, gB. go, gH, V P1 S and VP» antigens 

• ii ,„ cior virus (VZV} Epstein-Barr virus (EBV) and 
riprived from varicella zoster virus i-h 

riegalovirus <C M V> including CMVgS and gH.nd aniens ^ved- ofhe 

human herpasv.sas such as H v. '^^Z — - * 
i Cytomegaloviruses (J.K. Mcuougdn, eu„ ... . 

review the protein coding con.en. o, cy.ome 9 alovirus; MeGeoch e. a ., J. Gen. M 
« 531-1574 1988, for a discussion of .he various HSV-1 encoded proteins; U.S^ 
Palm NO 5 71 .568 for a discussion of HSV-1 and HSV-2 g B and gD prole.ns and 
h gen s encodin S therefor; Baer e, a,., Na/urs 3^.207-211, 1984, or Iha 
5 llafion C protein coding seguences in an EBV genome; and Davison and Scot,, 
J. Gen. Virol. 67:1759-1816, 1986. for a review of VZV.) 

Additionally, immune responses to antigens from viruses associated wifh^tH* 
fnd ding hepatitis A virus ,HAV, hepatifis B virus (HBV), hepafifis C v,rus (HCV *. 
et heUs virus ,HDV), hepatitis E vints (HEV), and hepatitis G virus, can , so be 
,0 stimulated using the consfructs of fhe present invention. By way o, examp ^heHCV 
genome encodes severe, vira, proteins, including the structural core. E1 (also known 



PCTAJSOl/09326 

WO 01/81609 

as E) and E2 (also known as E2/NSI) proteins, as well as nonstructural proteins (e.g., 
NS3, NS4, NS5), which will find use with the present invention (see, Houghton et al. 
Hepatology 74:381-388, 1991, for a discussion of HCV proteins, including E1 and E2). 
The delta-antigen from HDV can also be used (see, e.g., U.S. Patent No. 5,389,528, 
5 for a description of the delta-antigen). 

Similarly, influenza virus is another example of a virus for which the present invention 
will be particularly useful. Specifically, the envelope glycoproteins HA and NA of 
influenza A are of particular interest for generating an immune response. Numerous 
HA subtypes of influenza A have been identified (Kawaoka et al., Virology 779:759- 
10 767, 1990; Webster et al. "Antigenic variation among type A influenza viruses," p. 127- 
168. In: P.' Palese and D.W. Kingsbury (ed.), Genetics of influenza viruses. Springer- 
Verlag, New York). 

Other antigens of particular interest to be used in the practice of the present invention 
include antigens and polypeptides derived therefrom from human papillomavirus 

15 (HPV) such as one or more of the various early proteins including E6 and E7; tick- 
borne ' encephalitis viruses; and HIV-1 (also known as HTLV-III, LAV, ARV, etc.), 
including, but not limited to, antigens such as g P 120, g P 41, g P 160, Gag and pol from a 
variety of isolates including, but not limited to, HIV„i b , HIV S f 2 , HIV-1 smsz, HIV-Wo, 
HIV™ HIVua,, HIVmNi HIV-W, HIV-W other HIV-1 strains from diverse 

20 subtypes (e.g., subtypes, A through G, and O), HIV-2 strains and diverse subtypes 
(e.g., HIV-2uci and HIV-2 UC2 ). See, e.g., Myers, et al., Los Alamos Database, Los 
Alamos National Laboratory, Los Alamos, New Mexico; Myers, et al., Human 
Retroviruses and Aids, 1990, Los Alamos, New Mexico: Los Alamos National 
Laboratory. 

25 Proteins derived from other viruses will also find use in the methods described herein, 
such as for example, proteins from members of the families Picornaviridae (e.g., 
polioviruses, etc.); Caliciviridae; Togaviridae (e.g., rubella virus, dengue virus, etc.); 
Flaviviridae; Coronaviridae; Reoviridae; Birnaviridae; Rhabdoviridae (e.g., rabies virus, 
etc.); Filoviridae; Paramyxoviridae (e.g., mumps virus, measles virus, respiratory 

30 syncytial virus, etc.); Orthomyxoviridae (e.g.. influenza virus types A, B and C, etc.); 
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i ^ „ UTI w i. HTLV-II* HIV-1; HIV-2; simian 
Bunyaviridae; Arenaviridae; Retrowadae, e.g., HTLV-I, HTLV I, H . 

immunodeficiency virus (SIV) among others. Sea, e.g., VW» 3r™ (WK. 
. j0 * ed. 1988); *~,a, VWogy. 2nd Edition (B.N. Fields and ° « °£ 

1991- Virofogy, 3rd Edition (Fields, BN, DM Knipe, PM Howlay, Edttors. 1996, 
5 Llppincott-Raven. Philadelphia, PA) for a dasoription of these and other viruses. 

Particularly preferred bacterial antigens are derived from organisms thai cause 
diphtheria, tetanus, partussis, meningitis, and other pathogenic statas, 
J hou, limitation, antigens dehvad from Co^nebaCenun, d^anae, Cesium 
« Botdelefla partus*, Neisseria meningifMs, induding serotypes «occu 
10 A B C Y and WI35 (MenA, B, C. Y and WI35), HaemopMus influenza type B (H,b), 
and Heflcobacter py/an. Examples o, parasitic antigens inCude those darivad from 
organisms causing malaria and Lyme disease. 

Furthermore, the methods described herein provide preens for treating a variety of 
m alignan« cancers. For example, the system of the present invention can be used to 

,5 enhance both humoral and call-mediated immune responses to particular proterns 
spac.0 ,0 a cancer in guestion. such as an activated oncogene, a fete, anbge^ or an 
activation marker. Tumor antigens include for example any of the various MAGEs 
(me ,anoma associated antigen E), including MAGE 1 . 2, 3, 4, etc. (Boon T. ^ 
Lencan (March 1993):82-89); any of the various tyrosinases; MART 1 (melanoma 

20 antigen recognized by T calls,, gp100, TRP-2, mutant ras; mutant P 53; P 97 melanoma 
antigen; CEA (carcinoembryonic antigen), among others. 

C. Deposit Information 

The following materials have been deposited with the American Type Culture 
Collection: 

DeD0Slt Designation Deposit Date Accession 

No. 

Wild type Sindbis virus CMCC#4639 April 2, 1996 VR-2526 
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ma April 13, 1999 VR-2643 

SinDCchiron virus ™* 

•* a wv, rhimn Corporation with the American Type 
Cu«ure CCeCon (ATCC, under , ms for purposes of patent 



(301)881-2600. 



10 



15 



• v flmD | eS are included to more fully illustrate the present invent.on. 
The fo.low.ng examples are ,nc,u embodjments of tne invention and are 

Additionally, these example r .d prefe ^ ^ 

not meant to limit the scope thereof. Standard ^ 
described in the following examples, or suAable alternat, p 

in wide ,y reorganized manua.s - ^^^UT^ "~ 
Cloning," Second Edition (Sambrook et a.., Co d Spr ng 

1987) and -Current Protocols in Mo.e-r ^^T^s 6i015 , 686 , 
Associates/Wiley Inference, NY, 1990 , as w ^ ^ ^ 

5,814,482, 6,015694, 5,842,723, and 5,789,245, and 



referenced in its entirety. 
EXAMPLES 
Example 1 

Se ,ec,ion ana Conins o, Alphas Vanan.s T h a, Wee, Pnma, Hu m an D sn«ic 
25 Cells 

. ta th„t viruses of the Alphavirus genus, including those 
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dendritic cells. cou,d be modified cr adapted to efficiently infect and propagate In 
human dendritic celts, Sindbis virus was chosen as a representative example. Othe 
similar alphaviruses, such as Sen* Forest virus, Venezuelan 
virus and Ross River virus, also may be readily substituted by one of stall ,n the art, 
using the disclosure provided herein. Using a naturally occurring heterogeneous v,rus 
sample .ha. was propagated only a very limited number of cycles in common 
lab ora.ory cell lines, adaptation was pertormed as outlined in Figure 1. Briefly, the 
virus was passaged 4 times in primary human dendritic cells obtained from dtfferen. 
donors, with intermediate plaque purification in 293 and BHK-21 cells. 

, The primary human dendritic cells used for virus passage were derived from 
peripheral blood monocytes as previously described (Bender et a.., J kmun* **- 
,96121 1996). The buffy coat population of cells was obtained from healthy donors 
at .he Blood Center of .he Pacific (San Francisco, CA) or Stanford Medical Schooi 
Blood Center (Palo Alto, CA). C014+ monocytes ware isolated by negative depletion 

5 using Monocyte Isolation Kits and mini-MACS columns (Miltenyi Biotec GmbH), 
according to the manufacturer's instructions. Dendritic cells were generated from the 
CD14+ cells by culturing at 0.6x106 per m | in RPMI 1640 medium, supplemented with 
10% PCS 2 mM glutamine, penicillin/streptomycin, 1,000 U/ml rhGM-CSF 
(Peprotechi, and 1,000 U/ml rh,L-4 (Peprotech). Culture medium containing cytokmes 

20 was replenished every two days. Monocyte-conditioned medium (MOM) was 
prepared as previously described (Bender et al., 1*4 and was added to immature DC 
cultures at 30% (vol/vol) to induce maturation, either 5 or 6 days following culture 
initiation, for 3 additional days. Expression of cel, surface marKers upon MCM- 
treatment was analyzed by flow cytometry (see Gardner et al., J. VKt. 74:11849, 

25 2000). 

Following dendritic eel, adaptation, a panel of plaque-purified clonal virus variants was 
able to grow efficiently in primary human dendritic cells, producing virus titers of 
nreater than 10 6 PFU/ml, or 1000 infectious virus particles/cell. Each clonal variant 
formed small plaques on BHK-21 and Veto cells, as compared to the parental virus 
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and other common laboratory Sindbis virus strains. One of the DC-selected plaque- 
purified viruses was chosen for cDNA cloning, and an agarose plug from the last 
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plaque purification step was incubated in 1 ml of media (MEM with 10% FBS) for 4 
hours at 4°C. A 100 ul aliquot of virus eluate then was used to infect 10 6 BHK-21 
cells After development of CPE the media (5 ml) was harvested. This virus stock 
produced homogeneous small plaques on both BHK-21 and Vero cells, and the titer 
5 was 2x1 0 8 PFU/ml. Virus from this seed stock, designated SinDCchiron, was 
deposited with American Type Culture Collection according to the requirements of the 
Budapest Treaty. 

In addition, a small number of spontaneous large plaque variants were observed 
sporadically in BHK-21 and Vero cells. The plaque size of these variants was 

10 significantly larger than the parental virus and other common laboratory strains of 
Sindbis virus. Similar to other alphaviruses, this large plaque virus variant was 
inefficient at infecting primary human dendritic cells and produced very low titers of 
progeny virus (<10 5 PFU/ml). One of the large plaque variants was chosen for cDNA 
cloning, and an agarose plug from the last plaque purification step was incubated in 1 

15 ml of media (MEM with 10% FBS) for 4 hours at 4°C. A 100 ul aliquot of virus eluate 
then was used to infect 10 6 BHK-21 cells. After development of CPE the media (5 ml) 
was harvested. This virus stock produced homogeneous large plaques on both BHK- 
21 and Vero cells. Virus from this seed stock was designated SinChironLP. 

Approximately 1 0 7 BHK-21 cells were infected with either the dendritic cell adapted 
20 virus seed stock or the large plaque virus seed stock at a MOI of 1 PFU/cell. At 24 
hours post-infection, after development of CPE, total RNA was isolated from the cells 
using the TRIzol Reagent (GibcoBRL) according to the manufacturer's instructions. 
After purification, viral RNA was dissolved in nuclease-free water, aliquoted, and 
stored at -80°C for later use in cDNA cloning (Figure 2A). 

25 Synthesis of cDNA was accomplished by PCR amplification, using the primer sets 
shown below (Sindbis nucleotide numbering indicated for each primer): 

1 CCACAAGC7TGATCTAATGTACCAGCCTGATGC 1 1472-1 1450 
1.1 CCACGAA TTCAGCCAGATGAGTGAGGC 10364-10381 

2 CCACAAGC7TCAATTCGACGTACGCCTCAC 10394-10375 
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2.1 CCACGA/47TCATATGGGGAAATCATGAGCC 



9614-9634 



3 CCAC/A/AGC7TCATAGACCCTCACTGGCTC 



9648-9630 



3.1 CCACGA47TCAAGATTAGCACCTCAGGACC 



8878-8899 



4 CCACA/AGC7TCTACACGGTCCTGAGGTGC 



8908-8887 



5 4.1 C C AC GAA TTCGTC CG ATC ATG G ATAACTC C 



8294-8315 



5 CCACA4GC7TGCGCCACCGAGGAC 



8347-8334 



5.1 CCACGAA7TCACTGCCATGTGGAGGCC 



7797-7814 



6 CCACCTCGA GTTT AC C C AACTT AAAC AG C C 



7368-7348 



6.1 CCACGAGC7CGCGACATTCAATGTCGAATGC 



6426-6446 



10 7 CCACCTCGyAGGAACTCCTCCCAATACTCGTC 



6488-6468 



7.1 CCACGAGC7~CGACCTTGGAGCGCAATGTCC 



5843-5862 



8 CCACC7CG/4GTTTCGACGTGTCGAGCACC 



5900-5882 



8.1 CCACG/4GC7CGACCATGGAAGCAATCCGC 



4814-4832 



9 CCACCTCGyAGACGACGGGTTATGGTCGAC 



4864-4845 



15 9.1 CCACGAGC7CCACGGAGACAGGCACCGC 



4246-4264 



1 0 CCACCTCG/AGGATCACTTTCTTTCCTAGGCAC 



4299-4277 



10.1 CCACG4GCTCGAACTCTCCCGTAGATTTCC 



3407-3427 



11 CCACCTCG-AGATCAAGTTGTGTGCCCTTCC 



3464-3445 



1 1.1 CCAC GA G C7CC C AG GGG ATATC ATCCTG AC 



2742-2761 



20 12 CCACCrCGAGGCTGTCATTACTTCATGTCCG 



2825-2804 
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2.1 CCACG/AGCTCGAACCGCAAACTATACCACATTGC 1976-1999 

3 C C AC C TC G-4 GCTTGTACTG CTC CTCTT CTG 2042-2023 
3.1 CCACG/\GCTCGGAGAACGGGTATCGTTCC 1029-1047 

4 CCACCTCGAGCCGGGATGTACGTGCAC 1069-1052 

4.1 CCACG/AGCTCATTGACGGCGTAGTACACAC 1-20 

Primer pairs 1-5 were used for cloning of the virus structural genes, while pairs 6-14 
were for the virus nonstructural genes. Oligonucleotides in pairs 1-5 contained 
additional sequences representing restriction enzyme sites for EcoRI and Hindi II, 
which are not present in subgenomic RNA of Sindbis virus. Oligonucleotides 6-14 
10 contained sites for Sad and Xho\, which are not present in the whole genome of 
previously sequenced strains of Sindbis virus (these sites are underlined). 

Each reverse transcription (RT) reaction was performed in a 50 ul volume using the 
Superscriptll enzyme (GibcoBRL), according to the manufacturer's instructions. 
Reaction mixtures contained the amount of RNA equivalent to 1 0 6 cells and 50 pmoles 
15 of each primer shown below. 

Mixturel: primersl, 3 and 5 

Mixture2: primers 2 and 4 

Mixture3: primers 6, 9 and 12 

Mixture4: primers 8, 1 1 and 14 

20 RT reactions were frozen and then used directly for PCR amplification. PCR reactions 
were performed using Vent DNA polymerase (NEB) as recommended by the 
manufacturer. Each 50 ul PCR reaction contained 3 ul of RT mixtures described 
above and 50 pmoles of primers. A total of 14 reactions were performed (Table 1 ). 

Table 1 
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N of fraqment 1 


Primers 


N of RT I 
reaction. 


Length of the fragment (bp.) | 


1 


1 and 1.1 


1 


1128 


2 


2 and 2.1 


2 


800 


3 


3 and 3.1 


1 


789 


4 


4 and 4.1 


2 


644 


5 


5 and 5.1 


1 


670 


6 


6 and 6.1 


3 


962 


7 


7 and 7.1 


3 


666 


8 


8 and 8.1 


4 


1107 


9 


9 and 9.1 


3 


638 


10 


10 and 10.1 


3 


912 


11 


11 and 11.1 


4 


743 


12 


12 and 12.1 


3 


870 


13 


13 and 13.1 


3 


1034 


14 


14 and 14.1 


4 


1088 



cycles of 95°C for 30 seconds, 56°C for 30 seconds and 74°C for 90 seconds. For 
fragments 6-14, the number of cycles was changed from 12 to 15. A small aliquot of 
each reaction mixture was analyzed by agarose gel electrophoresis to confirm the 
presence of the fragments of the expected size. The rest was extracted with phenol- 
chloroform and DNA fragments were precipitated using ethanol. 
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prs2 (pu F z:r 6 rr:rr r« - J - - 

the same pRoZ piasm.u 

wormed into me £. CO// XL-1 Biue strain (Stratagene, La JoUa. CA). 



YSIN1F 



5' -G ATTC GGTT ACTTC C AC AGC 



10 YSIN1R 



5--ACTGACGGCTGTGGTCAGTT 



YSIN2F 



5--GATGTACTTCCGAGGAACTG 
YSIN2R 

vCAAGCTTGAAATGTTAAAAACAAAA 



20 



Three positive ootonies fcr eaeh —ion were = ° - « 
scented witn a m p«n (200 ^ ^ " eouenced. By 

according to the — = - nse ^ ^ ^ 



correspondingly 



. xu * »h 0 ^.nncchiron (also known as DC+) and 

^ T °" Str " P " « - a on,y a sin 0 ,e amino acid residue. 
25 SinChironLP (atso known as LP -*» ™ Wecfon of human 

throughout their entire genomes. This determin 
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nr was located at E2 glycoprotein 
d ena*oe»s, a n d l np^a«-- O o . acids ^ ^ ^ 

residue 160. with the strains — ^ ^ ^.^^ for Erring me 
Therefore, substitution of Gly for uu subs0t utiohs, deletions or 

hum an OC-a d apte d pbenotype. gene rate d by standard 

insertions at, or in close prox,m.ty to, this s ^ ^ 

— - — Pr ° l C d uc te le buman DC adapted «n*h 
described below, also may produce 



characteristics. 
Example 2 



,. of a fulMenglh cDNA oiohe, veotors and packaging cassettes from 
10 Construction of a full lengm 

Human dendritic oell adapted alphaviruses 

• f a full length cDNA oione, repiioon veotors, structural protein 
The construction o, a M*n* ^ ^ ^ ^ any 

expression (packaging) cassettes and sta may be re adily 

hum an dendrite - ^T^^^^^ 
1S accomplished by one of skill m the art u g 

those previous feachings provided by U S. P ^ ^ 
6,015,686. and 6,01 5,694 and pub,,shed ^ 
construction of a vector repiioon from clones of ^ ^ 

viru s desenbed above was accomplished ^ and start o, 

20 An .pai-Mse, fragment, oon^ngfhe ^ ^ - ^ 

.he Sindbis virus genomic RNA, wa ga^ was named 

fragment 14 in Apal-Xno, digested Gagmen, of P 7 andlhe IM- 

P« Next, the Sad-EOORI ^ ge5ted pRS2 . The resulting plasmid 
Xhol fragment of p6 were hgated into Sad Xn g ^ ^ p1 , 

. 1fi Next the Sacl-Munl fragment of p1 2, tne iwur 
25 was named p1 6. Next, . o1(1 were ligated into Sacl-Xnol digested pRS2 

and the fvtel-Xhol fragment of p10 w 9 A VApaU fragment of pi 5 and 
pl asmid. The resulting plasmid - , tamedp 7 ^ ^ ^ 

me ^ fragment of pi 8 then Ws „ {ragm ent of p18 and me 

resulting in the plasmid named p«. Nerf, P The 
Xno. fragment o, p17 were ligated together ,n Apat-XW 
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W00 h Aoal Avrtl fragment of p19. the Avdl-Sa,GI 

plasmid was named P 19. Finally, me ApaW. ^ (ogeiher into a 

Igment of P 9 and the SatGI-BamHI .ragmen P ^ ^ ^ (see 

piously constructed Sindbis -^T^^ al .. X «*. 74-.H849-H857, 
IbensKy e. a.., J- ««* ^ ad 1 Peen treated wlfh Apa^H. to 

20 00 and U.S. Paten, 5,843.723), M ^ * newly gonsWOed 

Love the existing nonstructural pro.e,n genes . ^ ^ and 

rep „con vector — ^ —d ^ ^ 

expressing a 



10 



15 



20 



DCSP6S ' 9 P> ' ere us6 d for assembly into an alphavirus- 

Similarly. ft. same Sindbis (see U.S. Patents 5.S14.482 and 

b3 sad EuKaryofic Layered Vector ,n «on Sy* ( ^ of , 

6 , 01 5,686, and DubensKy e, --J^^, eukary0 ,ie oeUs via an 
amplifying vector RNA ta.es P ace d,r«** ^ also axpre ssed 

polymerase promoter (e.g.. CMV>. viIUS asn ved seguences in an 

GFP reporter, was constructed by ^ seguences from above, 
existing ELVIS veotor with the eta ,., J- VM 72:950-958, 

The previously described ELV,S vectc "» N1 ^< H backbone with that from 

1998) firs, was mod*ed by subsUMing ^ ^ ^ Sacl sites 

pCMVLink (zur -vtegede e. al., . ™ ^ Known as ELV.S1.5CB. 

Lund in eacb plasmid. to generate V^e™ ^ ^ sm d > 

Next one of the two Sacl sites of ELVIS1.5C . ding using T4 DNA 

Z eliml „a.ed by partially digesting w h S- 1 ' ^ 5 , GTTTAA AC-3'. 

polymerase, and tben ligating info .he mo* f s«e, 

^ correct plasmid wifhou. .he targeted Sacl s e ^ ^ new S1N 

, Tbis intermedia, plasmid « J- ^ ^ ^ The responding 
n onstruc,ural protein genes V ^g * * ^ S , NCR . GFP us , ng ,he 

nonstructural genes were obtained oy 
oligonucleotide primers 

^..crCTATTCACGGCGTAGTACACAC (SEQ 
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, * Sad and XM. and ligation, to produce the intarmediate 
followed by digestion with Sad and xno construd was 

oonsfrud SINCP-No,. Finally, one of the two No I ~ Nofl ,„ me 

eliminated by partial diged - ^ SINC P (of pS.NCP). 

polylinker. This newly constructed ELVIS vector 

Condon o, a defedive helper^ ^^^^ 
SinDCchiron vims may be accompl.shed 5- subgenomic NTR, from the 

containing the Sindbis virus subgenomio promoter and S u^ - 

piously desdibed DH-BB ^ ^1. .ragman, from p, 

6446. 1 993). a Sa*Nna fragment from done p5 an ^ 
are doned together into BarnHI-MndW digested pRKL T ^ 
named P 20. Next, the EooRI-BspHI fragment of do n e p3 . he B^ P 
Cone p 2 and the .ragmen, o, done p, are doned ^ ^ 

pRS2 . The resulting plasmid is « DH-BB 

othe r versions - defedive ^ C^^ITS 
(packaging consfructa) oan be read,ly oondruded^ gs we „ as 

expr ess ,he aiphavirus structural pro e,n ge s a sp 8^ ^ 

RNA po , y merase II based co— , e he d^ ^ 
»nes (see U.S. Patents 5,789,245. 016_ , for fc ^ 

„„„ wo 00/39318). For example, SP6-based 



25 



an d WO 00,39318). ,0 g , yooprotein 9 enes (bu, 

tra nsori P ,ion were oons,ruc e o con,a n ny ^ ^ Ateo 

no, a oapsid protein gene) from *• *~ (rans|aUon ennano ar eiement 

induded in these constructs was a Ross R ver wus ^ 
(W0 97,38037, WO 99,18226). Construe on such plasm ^ ^ 

stepwise as follows, using cDNA fragments from the DC 



virus (1.X.X, below). 



^ BCORI-BSU36 .ragmen, from 4.4, and the ^^Z ^^ 
W ere cloned into EcoRi-Hindill digested pRS2 (des.gnated d20U The 
30 fragment from 4.4.2 and the Bsu36-HindUI fragmen, from 4.3.2 
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* m \nnr>\ The EcoRI-Sptl fragment from 4.2.2 
EcoR ,-H,nd„, digested pRS2 (designated d20 Th^ ^ 

- ,hS ^^"rrTh HL^U fragment from c> 201 and the BspH,- 

pRS 2 ^^ZzZ Z* into EcoRI-Hind,,! *— > RS2 

HindlU fragment from o!203 were do ^ BspH l-Hindl.l fragment from 

cl221) . The EcoRI-BspH. fragment from d 202 and P ( 

cl20 3 were o,oned into EcoRI-H.ndll, et al , 1997 , X Vtt 

of d221 -^B^^^^T^ABB^ (-signaled 
71:2619-2829) were Coned -*>^*"^ dB , he BspHl ^ tul fragment of 
cl2 31). The Stu.-Ns« fragment of I22 tRNABB/Cdel3rrv (designated 

t RNABB/Cdel3rrv were cloned mto BspHI-Nsil a.ge 

cl232). 

. „«nnn oarlicles for use in evaluating human dendritio oell frop,sm, 
A , p havirus -^^'2 P ; ; Jodne adminisfration). may he generated using a 
as well as for use in vivo (e.g., va methods include, for example: 

variet y o, previous* desohhed methodology ™^ „ helper 

1) triple co-transfeotion of in vitro transc b9d V and packaging 

packaging RNAs, 2, co-fransfedion of P^^^. paokaging «, „nes 
asanas, and 3, introdudion o, ^ Bredenbeek a, a, , 

(s ee for example. DubensKy el al., i *4 ™ ^ 
W 67:6439-6446, 1993; and U S. Paten s 5^ ^ ^ 

— nrn^rrr,— replicon, glycoprotein 
raplioon particles by tnple co-transfed,on defective ne , per clone 

and cpsid RNAs. in those instances where io|es „ 

232 ^-^-^-s P :i: — u» - - - 

efficiently infect human dendr.t»c cells, pan y ^ 

lharD thp nlvcoprotein detective 
those instances where the giy P ^ ^ ^ 

^Hition one additional glycoprotein expression 
infect human dendritic cel.s. n add* , ^ tQ £2 

cassette was constructed to include a three nude 

i«n in olace of the amino acids present in the DO 
ami no acd 160. ,n place of demons trated below, this am.no acd 

(Gardner et al., J- ViroL, 74.11849, 2000). ^ ^ ^ ^ 

deletion provides essentially the same human DC trop.sm 
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•„« isolate Replio" particles of each 
amino aoid from the SinDCChiron v,rus soate. 
con^on were produced for biologic*) eva,uat,on. 

„ . sindbis-GFP repliccn vector that was packaged ,n 
As shown if Figures 3, 4, 5 ^ ^ , 0 efficiently infect 

«. structure, proteins from StnDCdwon vtru q ^ ^ ^ 

phmary human dendritic cells, par— mm - g ^ ^ 

experiment FACS analysis and enum6rat ed by trypan blue 

we re harvested from culture, was -dr PB ^ human 

exdusion staining. Non-specflc W« « analysis of 

and cells were incubated with prop,d,uu , rodtd ^ f|ourochrome . 

viab , e oe„s. Ce,M1 W) were * 4 C ^ ^ The 

eoniugated antibodies ^ _ usad; C D1a-PE <P~ 

following antibodies (and the,r celiular P ^ macro pha 3 es, B 

dendritic ceil). CD86-PE (anfigen ^ type s,, HLA-DR-PE 

cells). CD83-PE (mature dendr,t,c eel s), ^ < CQ3 ^ ^ CDS (T 

; (anti gen presenting c* ^*"£££*> ^ ^ ™ oW ' ) 
cells and B cells), CD16 (NK cells), CD11c- t )sotypa 

CD1 ^PE (monocytes,. A., Anaiysiswas performed 

match ed confrois were used to ^*£-*P» ^ . Macjn , osh 7100 

- 3 rr Q r"r:l- -l,e and display data. 
0 computer. CellQuesi j. 

^nHritic cells differentiated from monocytes for 3 5 
W e found that immature human den *c ce ^ ^ 

days with M and GMCSF were hghl - suscept, ^ ^ ^ ^ 

Sindbis vector particles expresstn ^ CD1a - CD 83-CD14-CDrCD86*HLA- 
population. based on cell surface ma Ker atad from m0 nocytes 

25 DR <HLA-ABC*C D11 c*. Adherent macrophages w ^ ^ 

* MCSF « w *^r^0^ -ed from these 

pletes at 1.5 x 10= cells /ml. Adherent ^ ( |mentlon 

cultures were infected with particular an* s vanan * p ^ ^ ^ 

Macrophages developed in Ihis system are : o- ^ ^ ^ T ^ 

30 dendritic cells, and can ^^^^ dandrW c ceH precursors (HLA- 
were not infected at equivalent MOIs. 
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, infe c«ed when heterogeneous PBMC 

DR-CD^-CDS-COie-Cma-COS were ^ ^ ^ and 

enures were exposed «o S,N repl.con £**T ^ ^ ^ ^ 

th e macros and WMC .-rs pop ^ ^ t ^ g ^ and 
Sindbis-derived alphavirus particles 

i . ii-ifor.tinn. 



NK cells were refractory to infection. 
^ similar studies were perform^* mouse ^ ^ ^ 

demonstrated that packaging o, al hav,rus rep P ^ ^ ^ ^ould 

. r mediated and could be inhibited by an 
WecBon o, human dendritic cells ^^^^^essing replicon partes 
antWirion rabbit polyclonal antibody. For mm*. pre , nouba ted for 30 

packaged with the SinDCchiron struct^ ^ ^ antibody 
mlnut es with either an.i-virion ^ t v100 dMon in PBS. .mmature 

recognizing mouse Ig (from Sigma. Cat# M ^ 24 hours 

hu man dendritic ceiis ^--J^ ^ of ^ ^ bv 

SmDCohiron p fof human 

, we next wisher, to determine ^' ^2^ ** — * 

DC -,rop,sm oouid be used as a method o uce ma ^ ^ ^ ^ ^ jn 

ceiis that have been transduced w,«t he ecto^ ^ ^ ^ 

Figure 9, human DC transduce " ° CD80 CD86 , CD83 , and MHC 

significant up-reguiation o, the , «• ^ aotivalion . ln addition, simiiar 

!5 Cass U, whioh are Known mark. ^ parlphera , inocu ,ation 

re suits were observed ,n v,vo, or • ™» ^ pos - ltjve w GFP express,on, 

w „h SIN-GFP veotor particles, the t0 havs significant up- 

ware isolated from .he draining lymph nodes _ . 
regulation of maturation and activation markers (e.g., 
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hTh , of ectopic Sindbis-GFP particles to infect dendnttc 
To further demonstrate the ability of female Ba,b/C mice aged 8-10 weeks 

cells in vivo, we inoculated groups modam ine B isothiocyanate 

•, ntra derma,ly in .he ear. The left ear was P-"«^ ^ S|N . GFP parttol es 
(2% dissolved in ecetone/dibutylpthalate, poor to ,n,eo,on w ^ 

( ( , 75 , « tea, particles in — ng ^ ^ ^ 

rnodmaine and was Injected with SIN-GFP part l ^ ^ ^ ^ ^ 
re ceived formulation butter alone^and t ^ ^ at 24 

rnodamine. Two animals from each group w node were 

hours and 48 hours post inaction, and th e e a s and ^ ^ ^ 

ha „es,ed immediately into1% pareformetdeh^ de^The , ^ 
at « in the dark, before en*eddi* , ,n pa^a J, s^ < ^ ^ ^ ^ 
Witt, a cryosta. onto glass m.croscope slides end y men(ed with . 

scanning cytometer (Compucyte. c^W^P ^ g ?) The 
descent microscope ^J^J^ , p me draining , ym ph nodes provides 
. presence of ce.ls with GFP and ^ ^ repllcon 

strong evidence that migratory dendntic c ^ morpho , ogy and 

partdesin r P n ;rsr:h::rn:::L - * -de. NO g FP 

have numerous processes uw 
expressing cells were detected in the control groups. 

nr adaoted alphavirus vectors of the present 
0 To demonstrate the utility of human DC-adaptec I P ^ 

... i» «r method for performing in vitro assay* » 
invention as a 'tool or method f P we ut ,„ 2ed 

and stimulation of immune cells (e.g. class U ^ ^ ^ ^ The 

as a representative example, a ™" ne splenooytes from HlV-gafl- 

— T - T 12 it 2 h t St Allowed by Coning and 
25 immunized CB6F1 m.ce with the BWZ.3 H1 V-derived 

peptides. The 12.2 T cell hyb ^ ^ q( H _ 2Kd The 12 . 2 

AMQMLKETI (p7g, of the H.V-1 ^ZZ*» — *™ ^ *° 

T hybridoma produces IL-2 ,n a dose P gag .derived 
30 peptide-loaded H-2Kd DC and is unrespons - » DC , 2 . 2 was p , ated 

peptide SQVTNPANI (gagb). The P 7g gag-specflc hy 
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vlomm6W . folates Varying numbers 

at n0 * eeilsfml, 1* =— ' in ee-we, tM>o«om m— * ^ fof pc 
„ DC were added to wells .or a .ota, volume o 2 U ^ ^ ^ 

OC from aacn eond*n l m 00 or the T - 

peptide, as wa„ as in madia a,one. Nega« -n <20 pg/m , 

P hybri doma aione wara also ineluded , " ^ 24 hr at 

lL2 . Ea oh experimental condi,on was assayed " p ^ ^ 

arc. supernatant* were removed and assay 
acoordi^ to manufaeWs instruetions (Endogen. 

H»ndritio oell adapted virus, full-length oDNA 
As . permanent souroe of *«<^"*L f " rna may be franseribed in 
oiones, from whieh infeetious ^^^ocSPeS.Ngfp) veotor as starting 
vitro, may be oonstruoted by using the SiNCR-G^ (ragmenls from 

material. Speoifioally, the ^ DCSP6SlNdh paokaging 

DCS P6S.Ngfp veotor £Z ^ digesled with A„al and Xnol. The 

oonstruo, are eioned ,nto pRS ma . 



15 



r:::::- is designated OOSP 5 S, N gen. 



20 



resulting construe — ■- 

, ^ Qinnrchiron and SinChironLP viruses, as 

Alternatively, full-length cDNA clones of the S n n (desjgnated 

* cinrihi^ virus containing me ^ 
well as another vers,on of S,ndb* w 

SinOCdneo,, may be oonstruoted » by RT . PCR from 

the s ubgenomio promoter and that wiU result in a fragment of 

vlru s genome RNA using specie olgonudeo ^ ^ 

sumoien. iength to inolude the ^ and Sfu re * ^ ^ 

was digested with BamH, and ( u and l,g^w^ ^ ^ ^ ^ 

gly oopro.ein genes from eaoh o, the gy P ^ ^ ^ Nsfl 
aesoribed above, and also plasm.d pRS pRS2spDC+ , and 

The ^ resulting oonsfruets de*gna*d P^ ^ ^ ^ 

pR S2spdl160 were next digested w,th BamH pme ,. eamH l fragment 

a ene fragment and these fragments were pme , fragmenl ( ^nd, 

Uone and partial SINCR-GFP (remaining 

from SINCR-GFP. Finally, me SamHI-BamH £ ^ ^ ^ had 

3 CZZZZ?^* « different M-length Sindbis e DN A .ones 
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( S.N D C + gen, StNLPgen. StNdHoOgen, ma, differed only by .he amino acid (or 
deletion) at E2 residue 160. 

W ec«ous virus seed stocks were generated from these ptasmids by linearization of 

, * 1 using mefhods doomed in previous pub™ see f = a - « 

a , , Wro , •^* w ^^1,Vp^ W 4 W * Cutture 
Bredenbeek et al., J. Virol. 67.643y-o^o, 

Ipernatants oontaining infectious virus were harvested, danfied and fitered by 
standard plaque assay using BHK-21 cells. 

, • ~n lines of the present invention, containing Sindbis 

iL Specifically separate glycoprotein and capsid structura. gene express.on 
1999). Specifically. P containe d a selectable drug resistance 

1* ra^ettes were constructed, such that eacn comameu 

1 5 cassettes were rocnprt iw e lv1 The glycoprotein and capsid protein 

^ritrj:^ - - spe :: 

9 o :ic,eo M e primers and inserted into the ^^Zl^^ 
resulting glycoprotein constructs were des.gnated P E3n-LP and P E 

20 capsid construct pE3h-Cap. 

To generate sfabte aiphavirus packaging ceil lines, p.asmid P E3h-Cap was firs, 
Ian Zed info oe,,s (BHK cell, as an examp.e, using ,he caidum phosphate 
; ;l n me,hod. Hygromycin res,s,an, cells were selected 
,300 ug,m, Subseguently, .ese^ro my.0 
with a oncoprotein expression plasm.d ( P E3n-LP and pton , 
l eaden were placed under neomycin (0416. 500.00 ug/ml) drug selection. 
Resistant cells were obtained and cloned by limiting dilution. 



10 



PCT/US01/09326 

WO 01/81609 

72-950 1998) harvesting cuUure supernatants approximately 24 hr post-transfection. 
and a s S *a supernatant* for ft. presence of pacRaged SIN rapiioon parses by 

Mo !o 5 1 a saad atocK o, SiN rapiioon parties grossing Malaccas. 

— - = =r:rr. : : == 

oalas Xcfion of nafva BHK oaiis. As shown in Plgure 13, these oa>, ,nes were 
particles oy iniuuiui -in 8 tn 10 9 lU/mL across a 

narticles were shown to be free from contaminating repl.cation-competent v.rus by 
particles were snown standard plaque assay, 

methods of blind serial passage in naive BHK cells, as we.. 
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Prime-Boost Vaccine Strategies for Alphavirus Vectors 

ln order to be optimaHy efficacious, a vaccine for a given pathogenic agent <a 9 
11 s disease agents such as viruses, bacteria, fungi, parasites, mus s 
"bust and broad-based an,,gen-spedf,c immune response. The vaccinated ,nd,v,dua 
)0 rb til, to development o, segue,ae cbaraCeristic of the co- 
upon subsequent chailenge. as a result o, stimulation of res, ,ng memory oe^ and 
duration into antigenic effector celis, which facilitate clean of pending 
infectious agent Similariy, a therapeutic vaccine for a grven ,nfec.,ous disease mu 
a t stimulate a robust and broad-based antigenic immune response, to clear 
25 or to diminish the extent of infectious disease. 

Generally vacdnes are given in greater than one, and often in many, doses. The 
^e of such an immunization strategy is to -boos." the "prime" response, resu *ng 

rable immune response that is charactered by an Increased ca^fy * 
an ihXidua, to reals, chailange of an infectious organism. This increased res.stance 
30 o ringe is due to a larger number of residing immune memory cells, often w,th 
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spec „y for a broader range o, antigenic elopes. corresponding * the infers 
organism. 

oenm5P resu it s when vaccination elicits both 
A broad-based antigenic immune respon e ^ ^ ^ 

T . n e,per ce., 1 0*1) and ^^J^X- secretion, ma Th1 subset 
Th2 cans are dashed * J d ^ ^ subset ^ponding to 

^ 8 ^ 0 tTTo ^gat Used as a resu,, - vac.na.on a, 
,L_4 ' ' t 1 ne system via dendritic cells (DCs), so-called "professional 
Pr8S * DCS «a,e and mCulate the immune rasponse. ,n 

Tiroes 1 pit stimulators of B and T iymphocyfes (tor raviaw aae 
part,oulac. DCs ara pot „ 2 . 245 . 252 19 9 8). Stimulation of the T and B 

Banchereau and Stainman ^^^JLfcn by the dendrific antigan 
iymphooyta antigen-specfic affaotors occurs >» function with major 

plantation oa„s. in == * ^ J. (MHC class ,, or 

^compatibility oomplax (MHO, module ^ < presentation 
MHC o,ass ,i). to T iymphooytes. v a tha T oal, « « response , 
via MHC olass , results in a cel.u,ar CD* ^ ^ ^ ^ 

whereas antigan presented via MHC da s , 
and subsaquantly B lymphooytas, resulting m a t 
Tnus the rationale of a -pnme---boosf vaooination strategy 
3 durable Th1 and Th2 antigen-specific immune response. 

• sirateoies have used only a single modality for 

Traditlona, vacation pnme-boos str^ s ^ . 

both the prtme and boost s(eps. and may not, for par. ^ ^ 

broad Th1/Th2 - ^ Tp^obst regimes are dialed 
. rr^^ — may be ^a red - ^ 
or . bo osf, in coniunction with an alphavirus region <£, ^ 
particles. DNA or RNA) encoding a designated anUgen mQre 

— ~rTCr^S^ -ansa in the 
durable and -^ e ™^ J-'L-^os, immunization modalities may 
30 vaccinated individual. The comoine p fnrrnulat ed( ELVIS vector, 

inc ,ude, for example, plasmid DNA (formulated or non-formulated), 

AO- 
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wo 01/81609 ^ e ^ rs recombina nt 

reC ombinant alphavirus ^ "** T 

protein. Any - g ivan with an adjuvant. Representee 

encoding a <^ J^TJZl "„ MF59, poly-D-galactoside, alum, CpG 

o,igonucleot,des. PLG m ^ 

To debate fhe utilify - ^ ~ ^ ' V gag and H,V 

H1V gag and envelope aniens we e ^e ^ CMV promoter 

gp1 40env were expressed by Plasmtd DMA v o or J^ g d ^ g 

eotors,, ELVIS veotor and alphavirus vector pad* , ^ ^ ^ 

recombinant protein. Other a«ens fro, ^ ^ ^ ^ ^ „ 

P^^^^SlTEr .n addition, a vadety ot wide* 

^ °" rll 9 ; iTSU. Poxvirus, - - used to express any - 
available non-alphavirus virai v 
the aforementioned antigens. 
B A construotion o, H,V gag and enveiope expression veotors 

, *h« H1V-1SF2 strain (Sanchez- 

H,V gag coaing ^^^^Z ^ — 
Pesoador, R. et a,.. Science 227(468 «£M 2,^ ^ ^ 

NO. 5.66,949. » ^ ^ j^ge sequences have 

PA, et at., U.S. Patent No. 5,688,688, N ion of their gene products. 

bee n oseo dire* or f ,rst ^ pattem w as mod.ed so that 

For maximization of express.cn, the comparable t0 codon usage found ,n 

me resuitin, nucieic acid coding sequence ^ ^ . ^ content 
highly expressed human genes. The H The ^ of „ HW -1 codon 

nucleotides A or T as third base o, the codcn P ^ ^ ^ , 
usage is a high AT content ,n the DNA seq ^ 
translation ability and instability of the otRNA. ^ ^ ^ ^ ^ ^ 
human codcns prefer fhe s G ^ ^ ^ ^ , highly 

sequence Iherefore was mod,f,ed to 
expressed human genes (zur Megede, J 74.2 



20 



25 



-50- 



PCT/US01/09326 

WO 01/81609 

The DMA tracer* for gag was Cone. into the ^^_^-^v-« 
P CMVKm2. derived from pCMV6a (Chapman e. a,., Nuc. Aads Res. 9.3979 M 
991, and comprising a Kanamyoin sa.eo.aWe marker, a Co,E1 origin o, rep„cat,on, a 
CMV Promoter enhanoer and in.ron A, fo,,owed by oioning sites for insertion of 
sequences, followed by a polyadenylation signal derived from bovine grow* MW-o* 
The gag sequence-containing vector was designated pCMVKm2.GagMod.SFZ Th.s 
was oeposited J«u-» 18. 1999, with the Chiron Corporation Master Cu t. 

•« r» adfifi?-8097 and with the American Type Culture 
Collection, Emeryville, CA, 94662 sua;, anu 

Collection, 10601 University Boulevard, Manassas, VA 201 10-2209. 
The DMA fragman. encoding tW gag was .hen cloned into an aiphavirus pjasmid 
DNA vector (ELVIS), and repiioon vectors (SINBV and SINCR) to a use or me 
generation o, recombinant aiphavin* particles. Specify, a con*- for - «*o 
Lsoription of Sindbis virus RNA vector replicons (pRSIN-luo; Dubensky et a J 
^ 10 508-519, 1996) was mod,f,ed to contain a Pme. site for piasmid lineanza.on 
^ pinker for insertion of heterologous genes. Firs,, a po,y,inker was genera ed 
using L oligonucleotides that contain ,he sites Xhol, A* Apa., Wart, XOa,, and 

Wofl. 

XPANXNF: 5'GCA CGT GGG CCC GGC GCC TCT AGA GC 
XPANXNR. 5'GCT CTA GAG GCG CCG GGC CCA CGT GC 

The plasmid pRSiN-luc (Dubensky e, a,., .up* .hen was digested wi.h X/roland No« 
,o remove .he ludfarase gene insert, biun.-ended using Klenow and dNTPs, and 
, igat ed with the oiigonucleotides that were annea.ed to each Cher 
olnstruo. was digested with Not, and Sad to remove the minima, S,ndb,s 3-and 
sequence and A. tract, and iiga.ed with an approximately 0.4 kbp fragment from 
5 pKSS,N1-BV (WO 97/38087). obtained by digestion with A/of, and Sad. The fragment 
contained the complete Sindbis virus 3-end. an A. tract ^*"*T£ 
Uneartza.ion. This replicon vector construe, was designated SINBVE. The other 
replicon vector, SINCR, was described previously in example 2. 
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The HIV gag coding . «£™ - b , unt ^ nding with Ktenow 

pCMVKm2.Ga9Mod.SF2 plasm.d by age* ^ ^ The H , v gag . 

and dNTPs, punf.ca.ton w«h l*> «* ^ bee " ^ * 

ooding fragment then was ligated ,n.o the ^ s , NBV ^ ag . ln parcel, the same 

XnoiandPn* ^' M ^^ZZ^ - - P»- — * 
HIV gag fragment was inserted into the n ^ ^ b , unMnded , 

ligaUng with StNCR-GFP veotor that had been ^ ^ ^ vector 

foll owed by digestion with Xno, to rem- GF ^ ^ 
was designated S.NCR-gag. V* «»* (see for example 

alph avirus partices by u« l ^** * pNAS «*M« and U* 
Dubensky, e. at, J Viro,. 70,508-51^ 18* by referenoe , n 

patents 5,789.245, 5,842,723, and 6.01 5,694, 

S,N vector replioon utiiizing the nonstructural gene 
Tna construction of a new SIN vector P ^ sinChjronLP viru s, 

seq uenoes obtained from SinOCch.ron .rus (ATC as 
described in Figures 2B and 2C, resulted „ a repl ^ vR , 2526) 

oompared to a replicon derived from 8 « |n huma(1 

^ese properties include, bu, are no. I m^d ^ ^ ^ |eve|s as 

oendritic cells, increased packaging ^ abjMy t0 induC e a more robust 

mU oh as 10-fold over -W^'J animals . For example, Figure 11 
immune response followmg "«""*" |n mioe fo l,owing immunize.^ 

compares the induction of H,V gag specie CDS of . 

with DC-tropic vector particles con.a,n ng ether .he ^ ^ ^ ^ ^ 

^-Z^ZZ^^ ~~ ,rom SinDCCh,ran 

■ n N A based vector (ELVIS) expressing HIV gag. 
For construction of an alphawus DNA-base ^ ^ 
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insert was inserted into .he BLVIS replicon of the present invention (SINCP, Example 
2 above). Similariy, oonstructs expressing HIV enveiope (env) protein were made 
using the same replioon and ELVIS veotor backbones. A variety of envetope 
sequenoes have been used for these oonstruotions and the parental plasmtds used for 
isolation of the env genes (e.g., P CMVgp160.modUS4, pCMVgp140.mut7.modSFi 6 2 
pC MVgp140.mut8.modSF162> have been deposited with CMCC and ATCC and 
described previously (WO 00/39302). 

For prime-studies incorporating recombinant proteins, recombinant HIV gag protein 
was obtained using a baculovirus expression system. A baculovirus shuttle vector 
containing the synthetic HIV gag sequence was constructed as follows. The synthebc 
HIV p55 gag expression cassette (described above) was digested With restnctton 
enzyme Safl followed by incubation with T4-DNA polymerase. The resulting fragment 
was isolated and then digested with Bam"/. The shuttle vector pAcC,3 (Munemi.su 
S et el Mol Cell Biol. 10(11):5977-S982, 1990) was linearized by digestion w,th 
EcoRV. followed by incubation 'with T4-DNA polymerase. The linearized vector was 
digested with SamHI, treated with alkaline phosphatase, and the fragment isoiated 
from an agarose gel. The isolated 1 .5 Kb fragment was ligated with the prepared 
pAcC13 vector, resulting in the clone designated P AcC13-Modif.p55gag. 

Generation of the recombinant baculovirus was achieved by co-transfecting 2 W of 
the HIV p55 gag shuttle vector with 0.5 pg of linearized, Autographs caUorn,ca 
baculovirus (AcNPV) wild-type viral DNA into Spodopfera frugiperda (Sf9) calls (Krtts, 
P A Ayres M.D., and Possee R.D., Nucleic Acids Res. 18:5667-6672, 1990). The 
isolation of recombinant virus expressing HIV P 5S Gag was performed according to 
standard techniques (O'ReiUy, D R., L.K. Millar, and V. A. Luckow, Bacutovtrtrs 
i Expression Vector A Laboratory Manual, W.H. Freeman and Company, New York, 

1992). 

Expression of the HIV P 55 Gag was achieved using a 500 ml suspension cotture of 
Sf9 cells grown in serum-free medium (Maiorella, et al, Bfo/Techno/ogy 6:1506-1510, 
1988) that had been infected with the HIV p55 Gag recombinant baculovirus at a 
0 multiplicity of infection (MOD of 1 0. Forty-eight hours post-infection, the supernatant 
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»nri filtered through a 0.2 Dm filter. Aliquots of the 
was separated by centrifugatK>n ^^ ff ^ am , nstr uments, Palo A.to, 
supernatant were then J and subjected to 2 

CA) ultracentrifuge tubes, underlaid with 20 * t I 
hour, oentrifugation at 24,00 rpm using a Beckman SW28 rotor. 

a h in Tris buffer (20 mM Tris HCI, pH 7.5, 250 mM 

- — pe ^^;rcr 0 «-» 9radient ' and 

N aCI. and 2.5 mM EDTA), Beokman SW41 rotor. The 

subjected to 2 hours centrifugal * J™ „ me gradjent lnt0 

— - then ;t; 6 n r a cr r;;^ — w as 

approximately twelve 0.75 ml **» ^ ^ ^ 

Th e res* indicated « - - « « ^m^^r^ 
, 16 . ,, 9 g , m , with The resulting peilet .as 

pooled « ,con^W.-£ ^ Jhe tola , prot ein yield as 

, suspended ,n 1 ml of Tns b t ^ ^ forms 

estimated by Bicimchromimc Acid (BC A) (Pie recombinan t form, but not 

of HIV gag, for example that which has been expressed 
as VLPs may similarly be used (WO 00/39302). 

„«. pressed from stable mammalian cell 
Recombinant HIV envelope proteins were ova^ (CHO) oells were 

0 lines, rather than from bacu.ovirus systems. Chinese ham ry ^ 

tra nsfected with plasmid DNA encoding the syrthe, c HIV 1 P ^ ^ ^ 
T ransn-U1 poiyamine transfe* n — ^ ^j^ hours , me dia was 
m anufac,urers instructions an din-ba r ^ ^ 1;5 

ranged to selective media changed every 5-7 days until 

25 and incubated for an add*ona, 8 Jku , M ^ ^ ^ ^ we „ 

colonies started forming at wh,ch time tn ^ ^ 24 

p,a,es and saeened by gp = ^ ^production by Capture E USA. 

m sss « 24 - — - 
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.„ kjy\ These were screened several times 
expanded to T25 flasks (Corn.ng, Corning, NY). These we 

after confluency and positive ciones were expanded to T75 flasks. 
Positive T75 clones were frozen in LN2 and the highest expressing clones amoved 
wTh -5 M M methotrexate (MTX) at several concentrations and plated ,n 100mm 
lie dishes. Plates were screened for co.ony formation and all positive closec wer 
^expanded as described above. Cones were expanded an 

nld I each step by g P 120 capture ELISA. Positive clones were frozen at each 
screened a each , *« > by 9P ^ bioreactors 

me thotrexate level. H^hes g ^ ^ 

(3L, 1 00L) for expansion and adaptation iu iuv 
for scale-up to larger bioreactors. 

. irQ Pl ,o A dat a from CHO cells stably transfected with 
The following table shows capture ELIbA aata Trom ^ 

rrreols carrying . cassette encoding synthetic HIV-SF162 Erw po*w**» 

E lated deavage sites, moditied cedon usage and/or deteted hypervanab,* 
(e . 9 „ mutatea aeav g Em , ypeptldes 

regions). Thus, stably transfected CHO cell lines wn. v 
Z; QP1». g p140-monomeric, and 8P 1 40-oligemeric) have been preduced. 



Table 2 



Constructs 



Constructs 



gp140.mut. 
modSF162 



CHO Clone # 



gP 120.modSF162 1 



gp140.modSF162 1 



1 



MTX Level 


Expression Level* (ng/ml) 


0 


755-2705 


0 


928-1 538 


0 


538-1 609 


20 nM 


1 80-350 


~20 nM 


164-451 


20 nM 


1 88-487 
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CHO 



Cell Lines Expression Level of SF162 tnve.ope Constructs 



Constructs 


CHO Clone* 




|3 



MTX Level I Expression Level* (ng/ml) 



delV2 



20 nM 



800nM 



800nM 



800nM 



233-804 



gp140.modSF162. I 1 
delV2 



800nM 



800nM 



800nM 



528-1 560 



487-1 878 



589-1 21 2 



300-600 



200-400 



200-500 



gp140.mut. 



1 



modSF162.delV2 2 



800nM 



400nM 



800nM 



400nM 



300-700 



1161 



400-600 



1600-2176 



• A „ br^il^u^ 

The results presented above demonstrate the ability of the construots of the present 
invention to provide expression of Env polypeptides in CHO cel.s. Products of 
polypeptides using CHO cells provides (i) correct glycosy.ation patterns and prote.n 
conformation (as determined by binding to panel of MAbs); (I) correct b.nd.ng to CD4 
receptor molecules; (iii) absence of non-mammalian cell contaminants (e.g., .nsect 
viruses and/or cells); and (iv) ease of purification. 

,n certain embodiments, it may be desirable to formulate olasmid 

(e.g., ELVIS vectors) using PLG/CTAB microparticles (Singh et al, PNAS, 97.811, 
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2000 , . 0 rrr of * e p 

— K d ^ mi ° rOPart ' ' , RG 504 pLG (Boehringer 

Firs , btanK microparticles ^ ^7^ chemica , Co., S, Louis. MQ, 
ln9 elheim) * dimethy. ch.or.de and M ^ CTAB^Q g ^ fi ^ „ po , ymer 

ln water. In particular, me micropenis wer ^ma V ^ an Qmni 

solution with t.25 m, of disced water and 9 form . w/0 emulsion . Tn e 
penchtop homogenizer with a 10 mm probe a, ^ ^ for , 

w,o emulsion was added to B "* ^ was m slirrin9 overnight for 

m ,nutes to form a w/o/w emulsion. The wto/w micropartlcle s were then 

solvent evaporation, forming ^ py ^af.on 4 times, and 
ffltared through a 38 D mesh, washed ^ ^ for future 

, y ophi,i 2 ed. The micropartic.es p , asmid oNA ware prepared by 

use. Next, the mioropartic.es adsorbed With EL P ra0ons 0( pla smid 

,cuba U ng 20 m 9 ot bla* mieropart, as w,h = , g^ ^ 
, DNA in a 1 .0 ml volume for 3 hours . freeze ^ ned overnight, 

were cenWuged, washed twice with Tns-EDTA 

B Demonstration of enhancement by prime-boost vaccination regimes 
To demonstrate the ability to improve the ^ ~ 

- rea,me m : - embodiment, rr:r: 

combinations may be used. ^ recombinant protein, DNA 

particles may be administered as a pnm ^ AUernative ,y. in another 

vector or non-al P havirus (e.g.. P°* wus > be admlni stered as a prime 

embodiment, a plasmid ^ „ another embodiment, an 

followed by an alphavrots vector particle jn or n0 n-alphavirus 

ELVIS vector prime may ba admtnisterad w, hare*, ^ 

(e.g., poxvirus) viral vector boo* n y ^ as . prime followed by 

particles derived from a first alphawus ™* ^ u should be evident 

eiphavirus vector particles from a second alph oombinations of 

rr.— rr:~ ~ . — 
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non-alphaviral, encodin 9 a vane, y of aniens may be sim.iady — — * 
variety of immunization routes. 

im r— studies we, pe« ^Ces ^ . HgMy 

pCMVKm2.GagMod.SF2 plasm, from above. 

differences in .mmumzed an.mals. woup Four 

„cuiar,v wi* DNA or ^ P * p "ni , s (same or opposite 

w eeks ,a,er, the mice were boosfed w* « P J ^ ^ me 
vaooine compositions as initial pnmrng ™ m *™ recombina n, vaccinia 

— - r H rr r - CH. assays were 

virus express.ng HIV gag. hv y ^ ^ ^ Rgure 

induction than DNA alone or vector particles alone. 

ln . second pr^oost e*amp,e, ^ '"a 

primates using an aiphavirus-based ELViS vector < ^ 
recombinant protein as boost. Specifcaiiy. ^^JJZ^Z^ as . pnme (3 
with 1.0 mg of PLC formuiated SiNCP ^ oiigomeric H,V 

3 tim es a, 0, 4, and 14 weeks) ana ^^ ^^^ Examinat ion of 
8p14 oav2 protein in MF59 edjuven. as a b» ( - - 3 ^ ^ 

enveiope-spectfc ceiiuiar ana humoral - (LP A) and 

nervals, inciuding those ^^^IT^i. after BLVIS DNA 
antiboay responses shown in F.gure (14) w adually decre ased 

!5 priming, with a paaK a, 1 1 weeks. As ^ Mowing 

over time ieading up to the week preced.ng the P-e,n bo ^ 
immunization with the protein component a. week 38. 
,mm . hinh .oweis were observed (week 40). 

LPA and antibody responses to high levels were 

• . h th«t the order of vaccine components delivered (e.g., 
« shou.d be appreciate * that the ^ vjra , 

30 alphavirus vector particles, DNA, bLVia, 
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vector, as we,, es the timing, dose and route of ,mr„uniza.,on, may be readily varied 
^ 17sM in the art to inolude numerous possibte combinations of .he above. For 

mTreta no inferva, (administration on me same day), to one or more days of 

"ZTSSv a- leas, 14 days, and more preferably a, least 28 days and mos 
.nterval preferably at ^ ^ ^ of a(Jministration of 

pref erab,y a ee . * * * (o ^ rather , 0th9r 

^ZSSl-. — — ■ — ■ and ora,) a,so 

m ay be u,ili 2 ed and the priming route may differ from the boosbng roule. 

From the foregoing, if wil, be appreciated that, a.though specific embodiments of the 

haveU described herein for purposes - 
may be made without deviating from the spirit and scope of the ,nvent,on. 
Accordingly, the invention is no. limited except as by the appended Ca.rns. 



-59- 



WO 01/81609 



PCT/USOl/09326 



What is claimed is: 



1 An immunogenic composition comprising: 

a first immunizing component selected from the group consisting of: native- 
antigens, recombinant antigens, non-elphavirus viral vectors, nucleic acids, and 
alphavirus derived vector systems selected from the group consisting of alphavirus 
vector partides, eukaryotlc layered vector initiation systems, and RNA vector 
replicons; and 

a second immunizing component selected from the group consisting of: native 
antigens, recombinant antigens, non-alphavirus viral vectors, nucleic acids, and 
alphavirus derived vector systems selected from the group consisting of alphav,rus 
vector particles, eukaryotlc layered vector initiation systems, and RNA vector 
replicons, with the proviso that said first Immunizing component is different from said 
second immunizing component and that said first immunizing component, sa,d second 
immunizing component or both are alphavirus derived vector systems. 

2. An immunogenic composition comprising: 

a first immunizing component comprising an alphavirus derived vector system 
selected from the group consisting of: alphavirus vector partictes. eukaryotic layered 
vector initiation systems, and RNA vector replicons; and 

a second immunizing component selected from the group consisting of native 
antigens, recombinant antigens, non-alphavirus viral vectors, nucleic acids, and 
alphavirus derived vector systems selected from the group consisting of alphawus 
vector particles, eukaryotic layered vector initiation systems, and RNA vector 
replicons, with the proviso that said first immunizing component is different from said 
second immunizing component. 
3. An immunogenic composition comprising: 

a first immunizing component selected from the group consisting of native 
antigens, recombinant antigens, non-alphavirus viral vectors, nucleic acids, and 



-60- 



PCT/US01/09326 

WO 01/81609 

a,phav,rus d^ved vector systems selected from the group coning of a,phev,us 
veotor partides. eukaryofic .ayered vector initiation systems, and RNA vector 
replicons; and 

a second immunizing component selected from the group consisting of 
aiphavirus derived vector systems seiected from the group consisting of a^av,rus 
vector particles, eukaryotic layered vector initiation systems, and RNA vector 
replicons, with the proviso that said firs, immunizing component is different from sa,d 
second immunizing component. 

4 The immunogenic composition according to claims 1 , 2, er 3 wherein said first 
immunizing component, said second immunizing component, or both further compnse 
an adjuvant. 

5 The immunogenic composition according to claim 4 wherein said adjuvant is 
selected from the group consisting of; aluminum sa„s, oi,-in-wa,e, saponin cytokines, 
and oligonucleotides or polymeric molecules encoding immunostimulatory CpG mofifs. 

6 The immunogenic composition adding to Calm 5 wherein said aluminum 
salts are selected from the group consisting of aluminum hydroxide, aluminum 
phosphate, and aluminum sulfate. 

7 The immunogenic composition according to claim 5 wherein said oil-in-water 
adjuvants are selected from the group consisting o, MF59. SAP, Ribi™, complete 
Freunds adjuvant, and incomplete Freunds adjuvant. 

8 The immunogenic composition according to claims 1 , 2, or 3 wherein said 
native antigens are selected from the group consisting of polypeptides, pro.ems, 
polysaccharides, carbohydrates, nucleic acids and conjugates thereof. 

9 The immunogenic composition according .o claim 8 wherein said native 
antigens are derived from viruses, bacteria, fungi, or protozoans. 
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^ Haims 1 2 or 3 wherein said 

x= == -== ■ — 

poiysacchandes, carbohydrates, nucleic acids and ccn.uga.as thereof. 

„ The immunogenic compost according to Cairn 10 wherein 

al,i 9 ans ara derived from virusas. hacteria, fungi, cancerous ceiis or protozoans. 

a ■„„ +n riaims 1 2 or 3 wherein said 

immunogenic composition induces in ks h 
palliates or treats a disease. 

»r, Haims 1 2 or 3 wherein said 

13 . The immunogenic composition according to claims 1, 2, 

immunogenic composition is a vaccine. 

14 . The immunogenic composition according to Cairn 12 wherein said recipient is 
an animal. 

15 . Tha immunogenic composition according to ciaim 14 wherein said anima. is a 
human. 

A mathod for inducing an immuna response in an animai comprising: 

admiring a « immunising ^^^ZZ^Z 
of: nauva antigans, recomoinant anligans, hon-aiphav - r v ra. ^ 



16. 



of: native antigens, ,«»..»..«»-—- consisting of 

vector replicons; and 

administering a sacond immunizing componant salactad from tha group 
• To na ve antigans. recombinant anligans, non-aiphavirus virai vectors, 
consisting * na ve J ^ ^ ^ from the group 

t no o, aiphavi. vector parades, euKaryotic iayered vector initiation systems, 
consisting of alphavrrus P immunizing componant ,s 

and RNA vector replicons, with tha proviso that sa lmmun | zl ng 
different from said second immunizing componant and that 
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component, said seoond immunizing component or both ere aiphavirus derived vector 
systems. 

17 . A method for inducing an immune response in an animal comprising: 

administering a first immunizing component comprising an aiphavirus derived 
vector system seiected from the group consisting of: aiphavirus vector parttdes, 
eukaryotic layered vector initiation systems, and RNA vector replicons; and 

administering a second immunizing component selected from the group 
consisting of native antigens, recombinant antigens, non-alphavirus vira. vectors, 
ZLc dds. and aiphavirus derived vector systems selected from the group 

nu ' , „ =rtW « Ollkarvo tic layered vector initiation systems, 

consisting of aiphavirus vector particles, eukaryotic layere 

and RNA vector replicons, with the proviso that said first ,mmun,z,ng component ,s 
different from said second immunizing component. 



18. 



A method for inducing an immune response in an animal comprising: 



administering a firs, immunizing component selected from the group consisting 
or native antigens, recombinant antigens, non-alphavirus vira, vectors, ~*»~* 
and aiphavirus dertved vecfor systems selected from the group cons, sun of 
aiphavirus vector particles, eukaryotic layered vector initiation systems, and RNA 
vector replicons; and 

administering a second immunizing component selected from the group 
consisting of aiphavirus dertved vector systems seiected from the group cons,st,ng of 
aiphavirus vector particles, eukaryotic layered vector initiation systems, and RNA 
vector replicons, with me proviso that said first immunizing component is different from 
said second immunizing component. 

19 a method for inducing an immune responsa in an animal according to daims 
16, 17, or 18 further comprising administering said first immunogenic component 
multiple times. 
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20 . A mathod for Inducing an $econd immu noganic componant 

16, 17. or 18 further compris.ng admimstenng 



mU ' f ' P ' e ttmSS ' e in an animal according to claims 

21 . A ms.hod for inducing an immune ^ons positions ara 

16 , 17 , or 18 wharain said firs, and *d sacond ^ 

administarad using a mafhod salaCad J in(ravagina „ y , 

— ,y. — >V, c*. « lnlramuscul ar, y , 
intraractally, intravanously, mtrap 

— SUbCU,an80U5 ' y - 

22 A mafhod for inducing an immuna response ,n «- ^ ^ 
f. „ or 18 further comprising compounds sa,d 



16 17, or io tuiuwi - 
immunoganic componant with an adjuvant. 



mmunogen.u W ,.. r 

=,n animal according to claim ^ 
2 , A method for inducing an ^J^^Z^ from .a group 
wh arain said compounding » « ^ cytokines, and oligonucleotides or 
consisting of aluminum sa..s, oil-.n-wa.er _P 
polymaric molaculas ancoding immunost.mula.ory Cp 

rr:— jr;~ , . 

in an animal according to claim 23 
25 . A me.hod for inducing an immuna vants setected fro m ,he 

— said ^^JZ^° «*- +~> - inCOmP ' ete 
group consisting of W1F59. SAF, wo. , 



Fr aunds adjuvant. ^ ^ 

26 . a mathod for inducing an immuna rasp^ - - 

* " 18 ^rr^h las, nuclaic adds and conjuga.es 

polypeptides, proteins, polysacchana , 

thereof. 
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• an animal according to claim 25 

28 . A method .or inducing an immune respo- " ^ from the group 

consisting of polypept.des, proteins, p y 
and conjugates thereof . 

herein said recombinant antigens are 

: 17 A :rir:: ::::: z, — * * an 

11 response thai prevents. pallia.es or «- - — 

in an animal according to claims 
3, A me.hod - inducing an ~ ^ " ^ 
16 17. or 18 wherein said immunogemc compos,.,on 

wherein said animal is a human. 

„ ennn „ in a n animal comprising: 
33 A mathod lor inducing an immune response 

■ ™. system by administering an immunizing 
priming an animal's .mmune system y recombin ant 
^ponen, seiected Irom ,be group cons, ng o n*rv ^ ^ 

„ 0 astern by administering a second 
costing said animal's p«- — « ^ ^ oft native antigens , 
, mm unizing component seieded from the qp^ ^ ^ ^ 
recombinan. antigens, of alpha virus vector 

derived vector systems selected ^ and RNA vector repticons, with 
particles, eukaryotic layered vector initiation systems. 
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the proviso that said firs, immunizing oomponent is afferent from said second 
immunizing component and that said first immunizing component, said second 
immunizing component or both are alphavirus derived vector systems. 
34 A method for inducing an immune response in en animal according to daim 33 
wherein said immune response prevents, palliates or treats a disease. 

36. A method for inducing an immune response in an animal according to daim 34 

wherein said animal is a human. 
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Original viral 
population 



P1 on human dendritic cells 



P2 on human dendritic cells 

Isolation \f plaques 
on 293 cells 



P3 on human dendritic cells- 



Heterogeneous population 
~ Titer 10 7 PFU/ml 



More homogeneous 
population 
Titer 10 7 PFU/ml 



Plaques of one of the variant 
were already homogeneus. 
Titer 2x1 0 7 



Isolation of 10 independent plaques 
on BHK-21 cells 



P4 on human dendritic cells 



Homogeneous 
populations 
Titers > 10 8 PFU/ml 



R isolation of plaques for cDNA cloning, 

sequencing and reconstruction of 
previously designed replicons and helpers 



FIG. 1 
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ATTGRCGGCGTAGTAGACACTMTGAATCAAAGAGCCGACC 

TAAACGTAGACCCCCAGAGTCCGTT 
CACAGCAGGTCACTCCAAATGACCA 
AGGTTCCTAC^CAGCGACGATCTTGGACAT^^ 



CGTGCAAGATTACAAACAAGAACTTGCA^**^^ 

^^^^^^^^^^^^^^^^^^ 



TTJ 

tgi 

CAC 
AAJ 



j\CAGAGMXAGCGAGGGCTTCTTGCT^ 
ft^RRTGCTGGGTACTjOsA)BAACGCAAGCTTACGTM 



CGCACCCGCTAGCAGATCAGGTTAAGATCATAAGACACTCCGGAAGATCAGGAA 
ACGCTAAAGTACTGATGCCAGCA 

CAAAGC 

GGGTTAAGCARTTGCAAflTCGACTATCCCGGACATGAAGTAATGACAGCCGCGGCCTCACAGGGCTAACCAGAR 



AGAACATTGAAATCGATATTA 



CAGGGGCCACAAAGCCGAAGCCAGGGGATATGATCCTGACATGTTTCCGCGGGT 



^nnronTrn-aTrnCGTCCGGCAAAARGTCftATGAAAACCCACTGTACGCGATCACATCAGAGCATGTGAACGTGT 



^.rr^o^C^T^GGCTACTATAGAGGAC 



CGGCCATTTACGCCTTAGACGTAATTT^ 



TrnTCRRCATTGGflACTAAATACAGARACCACCATTTCAGCflGTGCGAAGRCCATGCGG 



»onrTmcGACGTAGTCACCGCTCTTGCCAGAAAGTTTGTCAGGGTGTCTGCAGCGAGACCAGATTGTGTCTCAA 



F/G. 2B. 1 
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AGAATATTGCTGACTGTC^GAGGAAGCAGT^ 

gccgtgcc^tctataaacgttggccga^ 

TGTGCCTAGGRAAGAAAGTGATCCACGCGGTCGTCCCTGA^ 

TGCTACAAAACGCCTACCATGCAGTGGCAGACTT^^^ 

TATCTACAGGCATTTACGCAGCCGGAAAAGACC^^ 

GAACT^GCGGACGTAACCATCTATTGCCTO^ 
AGGAGTCTGTAACAGAGCTGAAGGATOAAGATATG^GAGATC^ACGM 

GCTTGAAGGGAAGAAAGGGATTCAGTAC^ 
AAGCAGCAAAAGACATGGCGGAGATAAAGGTCCTG^ 

ACAmTTGGGGTGAGACCATGCS.AGCAATCCG^ 

AAACGTTGCCGTGCCTTTGCATGTATGCCATGACGCG^ 

ARGTTACAGTATGCTCCTCCACCCCCCTTCCTAAGCACAAAAT^ 

TAGTCCTGTTTAATCCGC^CACTCCCGCATTCGTTCCCGCCCG^ 

CTCCTCCTGCACAGGCCGAGGAGGCCCCCGAAGTTGTAGCGACACCGTCACCA 

ttgatgtcacagacatctcactggat^^^ 

ACAACTCTATTACTAGTATGGACAGTTGGTCGTGA^ACCTAGTTC 
TGGTGGCTGACGTTCATGCCGTCCAAGA^CTGCCCCTATTCCACCGCCA 

CAGCGGCTAGAAAAGAGCCCACTCCACCGGAA^^ 
CCATGTCCCTCGGATCAATTTTCGACGGAGAGA^^ 

CGGATGTGCCTATGTCTTTCGGATCGTTTTCCGACGGAGAGATTGATGAG^TG 

AAAGAAATTGCAACGTC^CGCAGATGCGTGAACTGCCA^^CTGGACTCAG^ 
GAAAATATGCATGTAATGACGAGTATTGGGAGGAGTTCGCTCGGAAGCCART 

CCGCATATGTAGCTAcmCTGAAAGGCCCT^CCGCCGCACT^ 
AAGAAGTGCCTATGGATAGATTCGTCATGGACATGA^ 

aagttgggtaaaccgctcocagccgacgacgagcaagacgaagacagaagacgcgc g g » ctgtcctac 
gtttaglgtaggtataacaggcactttagcagtggccgtga^ 

_:___„„„^^ 1 -i-^rnaccccactaccatgtqqaggccgcggAGAAGGAGGCA 



ccgcgccgccccttcccggccccactgcca^gtggagg^ 

GGC^GGCGGCCCCGATGCCTGCCCGCAACGGGCTGGCTT^ 
TAGTCATTGGACAGGCAACTAGACCTCAACCCCCACGTOCACGC^ 

AGCAACCACCGAAGCCGAAGAAACCAAAAACGCA^AGAAG 
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Sccactatattaaccatttatcta^ 



ATCCGACCAGC 
CC( 
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AT TGACGGCGTAGTACACACTATTGAATCAAACAGC CGAC CAAT TGCAC TAC CATC ACAATGGAGAAGC CAGTAG 
TAAACGTAGACGTAGACCCCAGAGTCC GTTTGTCGTGCAACTGCAAAAAAGC T TCCCGCAATTT GAGGTAGTAG 
CAC^GC^GGTCACTCCAAATGACCATGCTAATGCCAGAGCATTT^ 

AGGTTCCTACCACAGCGACGATCTTGGACATAGGCAGCGCACCGGCTCGTAGAATGT TT T C CGAGCACCAGTATC 
ATTGTGTCTGCCCCATGCGTAGTCCAGAAGACCCGGACCGCATGATGAAATATGCCAGTAAACTGGCGGAAAAAG 
CGTGCAAGATTACAAACAAGAACTTGCATGAGAAGATTAAGGATCTCCGGACCGTACTTGATACGCCGGATGCTG 
AAACACCATCGCTCTGCTT TCACAACGATGTTACC T GCAACATGCGTGCCGAATAT TCCGTCATGCAGGACGTGT 
ATATCAACGCTCCCGGAAC TATC TATCATCAGGCTATGAAAGGCGTGCGGACCCTGTACTGGATT GGCT TCGACA 
CCACCCAGT TCATGTTC TCGGCTATGGCAGGT TCGTACCCTGCGTAC AACAC CAAC TGGGCCGAC GAGAAAGTCC 
T TGAAGCGCGTAACAT CGGACTT TGGAGCACAAAGCTGAGTGAAGGTAGGACAGGAAAAT TGTCGATAATGAGGA 
AGAAGGAGT TGAAGCCCGGGTCGCGGGTTTAT TTC TCCGTAGGAT CGACAC T TTATCCAGAAC ACAGAGCCAGCT 
TGCAGAGCTGGGATC TTCCATCGGTGT T CCAC T TGAATGGAAAGCAGTC GTAC AC T TGCCGC TGTGATACAGTGG 
TGAGTTGCGAAGGCTACGTAGTGAAGAAAATCACCATCAGTCCCGGGATCACGGGAGAAACCGTGGGATACGCGG 
TTACACACAATAGCGAGGGCTTCTTGCTATGCAAAGTTACTGACACAGTAAAAGGAGAACGGGTATCGTTCCCTG 
TGTGCACGTACATCC CGGCC ACCATATGCGATCAGATGAC TGGTATAATGGC CACGGATATATCACCTGACGATG 
CACAAAAAC TTCTGGTTGGGCTCAACCAGCGAATT GTCAT TAACGGTAGGAC TAACAGGAACACCAACACCATGC 
AAAATTACC TTCTGCCGATCATAGCACAAGGGT TCAGCAAATGGGCTAAGGAGCGCAAGGATGAT CTTGATAACG 
AGAAAATGCTGGGTACTAGAGAACGCAAGCTTACGTATGGCTGC T TGT GGGCGTT TC GCACTAAGAAAGTACATT 
CGTTTTATCGCCCACCTGGAACGCAGACCATCGTAAAAGTCCCAGCCTCTTTTAGCGCTTTTCCCATGTCGTCCG 
TATGGACGACCTC TTTGCCCATGTCGC TGAGGCAGAAATTGAAAC TGGCATTGCAACCAAAGAAGGAGGAAAAAC 
TGC TGCAGGTCTCGGAGGAAT TAGTCATGGAGGCC AAGGC TGC T T TTGAGGATGC TC AGGAGGAAGC C AGAGC GG 
AGAAGCTCCGAGAAGCACTTCCACCATTAGTGGCAGACAAAGGCATCGAGGCAGCCGCAGAAGTTGTCTCTGCGAAG 

TGGAGGGGCTCCAGGCGGACATCGGAGCAGCATTAGT TGAAACCC CGC GCGGTCACGTAAGGATAATAC CTCAAG 
CAAATGACCGTATGATCGGACAGTATATCGTTGTCTCGCCAAACTCTGTGCTGAAGAATGCCAAACTCGCACCAG 
CGCACCCGC TAGCAGATCAGGTTAAGATCATAACACACTC CGGAAGAT C AGGAAGGT ACGCGGTC GAACCATACG 
ACGCTAAAGTACTGATGCCAGCAGGAGGTGCCGTACCATGGCCAGAATTCCTAGCACTGAGTGAGAGCGCCACGT 
TAGTGTACAACGAAAGAGAGT TTGTGAACCGCAAAC TATACCACATTGCCATGCATGGCC CCGC CAAGAATACAG 
AAGAGGAGCAGTACAAGGTTACAAAGGCAGAGCTTGCAGAAACAGAGTACGTGTTTGACGTGGACAAGAAGCGTT 
GCGTTAAGAAGGAAGAAGCC TCAGGTC TGGTCCTC TCGGGAGAACTGACCAACCCTCC TATCATGAGCTAGC TC 
TGGAGGGACTGAAGACCCGACCTGCGGTCCCGTACAAGGTCGAAACAATAGGAGTGATAGGCACACCGGGGTCGG 

GCAAGTCAGCTATTATCAAGTCAAC TGTCACGGCACGAGATC TTGTTAC CAGCGGAAAGAAAAT TGTCGCG 
A7^ATTGAGGCCGACGTGCTJ\AGACTGAGGGGTATGCAGATTACGTCGAAGACAGTAGATTCGGTTATGCTCAACG 
GATGCCACAAAGCCGTAGAAG TGC TGTACGT TGACGAAGCGTTCGCGTGCCAC GCAGGAGCAC TACT TGCC TGA 
TTGCTATCGTCAGGCCCCGCAAGAAGGTAGTAC TATGCGGAGACCCC ATGCAATGCGGAT TCT T C AACATGATGC 
AACTAAAGGTACATT TCAATCACCCTGAAAAAGACATATGCACCAAGACATTC TAC AAGTATATC TC CCGGCGTT 
GCACACAGCCAGTTACAGCTATTGTATCGACACTGCATTACGATGGA7^AGATGAAAACCACGAACCCGTGCAAGA 
AGAACATTGAAATCGATATTACAGGGGC CACAAAGCCGAAGCCAGGGGATATCATCC TGACATGT TTCC GC GGGT 
GGGTTAAGCAATTGCAAATCGAC TATCCCGGACATGAAGTAATGACAGCCGC GGCC T CACAAGGGCTAACCAGAA 
AAGGAGTGTATGCCGTCCGGCAAAAAGTCAATGAAAACCCACTGTACGCGATCACATCAGAGCATGTGAACGTGT 
TGC TCACCCGCACTGAGGAC AGGC TAGT GTGGAAAACC TTGCAGGGC GACCCATGGATTAAGC AGC TCAC TAACA 
TACCTAAAGGAT^ACTTTCAGGCTACTATAGAGGACTGGGAAGCTGAACACAAGGGAATAATTGCTGCAATAAACA 
GCCCCACTCCCCGTGCCAATCCGTTCAGCTGCAAGACCAACGT TTGC TGGGC GAAAGCAT T GGAACCGATAC TAG 
CCACGGCCGGTATCGTACTTACCGGTTGCCAGTGGAGCGAACTGTTCCCACAGTTTGCGGATGACAAACCACATT 
CGGCCATTTACGCCT TAGACGTAAT TTGCAT TAAGTTTTT CGGC ATGGACTT GACAAGCGGAC TG TTTTCTAAAC 
AGAGCATCCCAC TAACGTAC CATCCCGC CGAT TCAGCGAGGCC GGTAGCTCAT TGGGACAACAGCCCAGGAACCC 
GCAAGTATGGGTACGAT CAC GCCATTGC CGCC GAAC TCTC C CG TAGAT TTCCGGT GT TCCAGC TAGC TGGGAAGG 
GCACACAACTTGATT TGCAGACGGGGAGAACCAGAGT TAT C TC TGCACAGCATAACC TGGT CCC GGTGAAC CGCA 
ATCTTCCTCACGCCTTAGTCCCCGAGTACAAGGAGAAGCAACCCGGCCCGGTCGAAAAATTCTTGAACCAGTTCA 
AACACCACTCAGTAC TTGTGGTATCAGAGGAAAAAATTGAAGC TCCCC GTAAGAGAATCGAATGGATCGCC CC GA 
T TGGCATAGCCGGTGCAGATAAGAACTACAACC TGGCTTTCGGGT TTCCGCCGCAGGCACGGTACGACC TGGTGT 
TCATCAACATTGGAACTAAATAC AGAAACCACCAC T TTCAGCAGT GC GAAGACCATGCGGC GAC C TTAAAAAC CC 
TTTCGCGTTCGGCCCTGAATTGCCTTAACCCAGGAGGCACCCTCGTGGTGAAGTCCTATGGC TAC GCCGAC CGCA 
ACAGTGAGGACGTAGTCACCGCTCTTGCCAGAAAGTTTGTCAGGGTGTCTGCAGCGAGACCAGATTGTGTCTCAA 
GCAATACAGAAATGTACCTGATTTTCCGACAACTAGACAACAGCCGTACACGGCAATTCACCCCGCACCATCTGA 
ATTGCGTGATTTCGTCCGTGTATGAGGGTACAAGAGATGGAGTTGGAGCCGCGCCGTCATACCGCACCAAAAGGG 
AGAATATTGCTGACTGTCAAGAGGAAGCAGTTGTCAACGCAGCCAATCCGCTGGGTAGACCAGGCGAAGGAGTCT 
GCCGTGCCATCTATAAACGT TGGCCGACCAGTTTTACCGAT TCAGCCACGGAGACAGGCAC CGCAAGAATGAC TG 
TGTGCCTAGGAAAGAAAGTGATCCACGCGGTCGGCCCTGAT TTCCGGAAGCACCCAGAAGC AGAAGCCT TGAAAT 
TGCTACAAAACGCCTACCATGGAGTGGCAGACTTAGTAAAT GAACATAACATCAAGTCTGTCGC CATTC CAC TGC 
TATCTACAGGCATTTACGCAGCCGGAAAAGACCGCCTTGAAGTATCACTTAACTGCTTGACAACCGCGCTAGACA 
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GAACTGACGCGGACGTA^ 

sssssassssss^ 

TAGTCCTGTTTAATCCGCAC^CTCCCG^^^ 

CTCCTCCTGCACAGGCCGAGGAGGCCCCCGAAGTTGTAGCfaA^ TTTTTC GAGCTTTAGCGGATCGG 

ACAACTCTATTACTAGTATGGACAGTTGGTC^ 

TGGTGGCTGACGTTCATGCCGTCCAAGAG^^^ 

CAGCGGCAAGAAAAGAGCCCACTCCACCG^ 

CCATGTCCCTCGGATCAATTTTCGACGGAGAGACGGCCCGCCA^ 

CGGAIGTGCCTATGOT^ 

J^CCGTCCTGTTTGGATCATTTGRMC^G^G^CTCAATTA ^^tgggtj^taT 

CACTACGCAATCAGAGACGTAGACGCAGGACG^ 

TTTCGACGGACACAGGCCCTGGGCACTTGCAAA^ 

AGCGCAATGTCCTGGAAAGAATTCATGCCCCGGT^ 

AGATGATGCCCACCGAAGCCAACAA^ 
AGCGACTACTGTCAGGACTACGACTGTATAAC^ 

AACCATTGTACTCCAGTAGCGTACCGGC^ 
TGCATGAGAACTATCCGAC^GTAGCATCTTATCAGATTACT^ 

GGACAGTCGCCTGCCTGGATACTG^C^ 

AATTAGTGCGTAGGCTmCGGCCGTCTT^^ 
ATGCAATC^TAGCAGAACA^TTCAAGCAA-GGCGACCCGGTACTe 

Sgacgacgctatggcgttaaccggtgtgatgatc^ 

claaggcgtggtttagagtaggtataacaggcactttagcagtggccgtg^ 

ttacacctgtcctactggcattgagaacttttgcccagagcaaaa^ 

agcatctctacggtggtcctaaatagtcagcatagtacatttc^ 

aLgaggattctttaacatgctcggccgcgccgc^ttcocg^cccc ^ ^ CCACW3CCGTCAGTGC cc 

GGCAGGCGGCCCCGATGCCTGCCCGC^CGGGCTGSCTTCTCAA 

AGAMTAAGACGACCCCGGAAGGGA^ 

GAAATGTGAGCTTCCCATGCGAGCGCCCGCCCACAT 

AAGAGAACGTGAACCATGRGGCCTACGATACCCTGCTCA 

AARGAAGCGTCACTGACGACTTTACCCTGACCAGCCCCTACTTGG^A CATA CAGACTTCCG 

CGTGCTTCAGCCCTGTTAAGATCGAGCAGGTCT^ 

CCCAGTTTGGATACGACCAAAGCGGAGCAGC^^ 
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ftC^TTATACATCCTACCTG 



AAATTCCTTGCACAGTGTACGACC 



nTrnrT^aaGTGCGGCGACTACAAGACCAGARCCGTTTCGACCCGCACCGAAATCACTGGTTGCACCGCCATCA 

Sg^g^gcSma^^ 
™*oI^aa^GG^^ 

^o^^aTc^rcaCACGAAATAGTACAGCATTACTACCATCGCCATCCTGTGTACACCATCTTAGCCGTCGCATCAG 
ra^aPRtTCCTGGCCCCA^ACGCCGTAATCCCAACTTCGCTGG 

^ccg^SSJtStaatgcgctgctgctcctgctcgccttttttagtggt 

rraar^AGAGGCCTACGAA^ 

gs^gggIScccI^^ 

a^A^G^^CACCA^ 
^(^TTC^TTCAGACTATACCT^ 

cJ^acaSgagaa^^^ 

CGATTAAGGTGCACACTGCCGCG^ 

•™ctcaagccttccgccwSS 

rTTrn^^GGAASSScA^CTATTGACATCCCGAACGCTGCCTTTATCAG 

^^^r^G^GCGGTOA^GTACACTTmGCACCGCGAGTCCACAGGCGAACTTTATCGTATCG^ 

ff^a^TCAaSS 
•EAAOTATAGGACTTM 

A^CGACCAGCAAAACTCGATGTACTTCCGAGG^ 
?gSg^cacataac^ 

gtgcataatgccacgcagcgtctgcataacttttattatttcttttattaatcaacaaaattttgtttttaacat 
ttc 
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